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The Editor’s Page 


RESENT at the regular quarterly meeting of the Directors of U. S. 
P Institute in New York City, May 11th, were the following: Joseph 
Bancroft, W. W. Buffum, proxy for Pres. Garvan, H. M. Chase, C. H. 
Clark, Alban Eavenson, L. A. Olney and H. V. R. Scheel. Excepting for 
the election of 12 new annual members only routine reports were acted upon. 


Wear Testing Conference Results 


ards and Massachusetts Institute of Technology will co-operate in a 
series of studies suggested at the Institute’s recent conference on 
wear testing. At the Bureau of Standards the correlation of abrasive wear 
of silk hosiery in service and with machine testing will be studied and 
test methods developed. At M. I. T. the microscopical identification of 
fibres salvaged from used textile materials will be studied. It may be 
noted that three commercial laboratories are now engaged in measuring 
the resistance of hosiery to abrasive wear by as many different methods. 
The Institute’s research committee had previously recommended to 
the Textile Foundation for study under its fellowship plan the subject of 
the correlation of abrasive wear of textiles in actual service with machine 
testing. The Foundation has not seen fit to accept this recommendation, 
and it is understood that its study of ‘‘Strength and Wearing Properties 
of Textile Fabries,’’ previously suggested by U. S. Institute, is nearing 
completion and will be discontinued. 


\ RRANGEMENTS have been completed by which the Bureau of Stand- 


Obituary 


E. A. Clements, founder and chairman of the board of the Globe 
Knitting Works, Grand Rapids, Mich., who died May 12th, in his sixty- 
ninth year, was the representative of the Associated Knit Underwear Manu- 
facturers of America on the preliminary board of directors of U. S. In- 
stitute for Textile Research. He became a member of the first board of 
directors and a vice-president of the incorporated organization, and gave 
active and valued service during the Institute’s initial years. He is sur- 
vived by his widow, a daughter and two sons, E. A., Jr., and Roy W. 





Sizing of Cotton and Rayon Warps 


Summary of Conference Discussion; The Prob- 
lem for Initial Research 


The conference on the sizing of cotton and rayon warps 
held by the Research Council of U. S. Institute at the 
Hotel Commodore, New York City, Friday, May 11th, 
was attended by about 100 representatives of the varied 
factors interested in the subject. The large attendance, 
the character of the discussion and the interest shown in 
it were proof of the good judgment of the Institute’s 
Research Council in selecting this subject for the de- 
velopment of a scientific research program. 


/ ARP sizing and the sizing of finished goods are outstand- 
ing examples of try-and-reject or empirical methods, and 

of their persistence in the face of new scientific knowledge. Be- 
cause rayon sizing has obliged a restudying of the whole subject, 
and in some eases along more scientific lines, the discussion of 
rayon and cotton sizing was intentionally linked in the hope 


that it would give cotton mill men a new point of view. Silk 
and worsted sizing was discussed only incidentally because of 
lack of time. 

Vice-chairman H. DeWitt Smith of U. S. Institute’s Re- 
search Council acted as chairman of the meeting, and in a brief 
introduction explained its purposes to be a survey of existing 
warp sizing technique for the purpose of learning whether sci- 
entific research is needed for the solution of any of its prob- 
lems, and what should be the character of the research. He 
referred to the fact that the call for the meeting had mentioned 
sizing as a problem of colloid chemistry, but that he and See- 
retary Clark had come to the conclusion that it is really a prob- 
lem of physical chemistry. He noted the need of a bibliog- 
raphy of the subject, and was glad to note that Secretary Clark 
had started one that would be sent to each of those present de- 
Siring it. In order to stimulate free discussion there would be 
no stenographie report of the meeting, but an outline report 
would be prepared and published. 
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Discussion at the Morning Session 


Mr. Hathorne stated that the economic aspect of the sizing problem 
is most important because competition prevents most mills from using the 
best sizing materials; that is, the quality of the size is limited by the de- 
sire to save money on the cost of sizing. Their aim is to get satisfactory 
results in the loom and in the fabric without giving much thought to the 
effect of the sizing on dyeing and finishing. 

Prof. Schwarz expressed the need of the scientific method of approach. 
He pointed out that wool was the most complex fibre, but that while 
rayon was usually considered the simplest its structure and properties had 
a decided influence on the warp sizing operation. The properties of size 
films should correspond to the properties of yarns rather than to those of the 
fibre, except in the case of the continuous filament rayons where the fibre 
properties and yarn properties are almost synonymous. He mentioned the 
need of modifying the looms to decrease the tension and abrasion on warp 
yarns. We should first be more interested in what is being done and why 
it is being done than how it is being done. 

Mr. Palmer described results of studies of warp breakage on the loom. 
Warp breakage is the principal trouble accounting for 70% of loom stop- 
pages. From 50-65% of the time in which looms are stopped is spent 
piecing ends and starting the loom and 75% of this time is used in re- 
pairing warp breakage; 65% of warp breakages occur at the harnesses, 
20% in the path of the reed. Most of the breaks occur near the selvages. 
The principal known cause of breakage is abrasion with the reed and the 
shuttle and also some due to the shedding motion and picking motion. 
Only about one-third of the breaks are due to knots, slubs, etc. The exact 
cause of the other two-thirds is not yet known. The trend of loom im- 
provement is toward increase of speed and filling package size. A study 
by slow-motion moving pictures shows that in order to provide a free flight 
of the shuttle from selvage to selvage the shed should be opened from 120- 
140° of crank shaft revolution. Many old looms have not more than 25° 
for free flight. In order to increase the time for free shuttle flight either 
the reed sweep must be increased or the shaft opened wider. One of these 
increases abrasion, the other the stretching of the yarn. The warp ten- 
sion appears to increase by about 15% from a closed shed to an open shed. 
Another cause of stretching on the warp yarn is the reed striking the fell 
of the cloth before the lay velocity has reached zero. At a distance of one- 
fourth inch before the lay has reached the end of its motion at the fell of 
the cloth its velocity is about two feet per second. 

Dr. Rose stated that the problem must first be attacked by way of the 
variables which influence each type of warp size. 

Mr. Barber said that the dyer’s difficulties are increased by the fact 
that he is ignorant of the nature of the size. Weavers should provide 
dyers and finishers with information as to sizing materials used that affect 
the latter’s processes. 

Prof. Olney called attention to the practice which was rather general 
sometime ago of stretching the rayon warp considerably during sizing in 
order to increase yardage, and pointed out that the damage thus caused to 
the plastic and elastic properties of the yarn itself was a source of trouble 
on the loom. 

Mr. Stewart said that since starches are colloids the film property 
should be controllable provided a more complete knowledge of the proper- 
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ties of starch films is available. He felt that the people who sold starch 
and size should give much more complete information to the users about 
the colloidal chemistry of the product. 

Mr. Kaufmann discussed the work of Prof. Taylor at Columbia on 
the nature of starch. Prof. Taylor finds that starch is a mixture of two 
forms which he ealls alpha and beta amylose. Alpha amylose is not col- 
loidal; beta amylose is colloidal. The starch grains swell in water to the 
point where the skin finally bursts and liberates the alpha and beta amy- 
lose so that the latter can form a thick colloid jell or solution. 

Mr. Bancroft stated that the character of warp size affects the uni- 
formity of finishing results and discussed the results of some work about 
twenty years ago when his plant tried to get the size formulae which were 
being used by weaving mills, whose goods they were processing, in order 
that they might be better able to remove the size. The formulae which 
they obtained were all different and most of the mills were very secretive 
about their size formulae. As a rule those using the simplest formulae 
got the best results. Were they willing to pool their formulae and have 
them scientifically checked they would find that their so-called secrets were 
of little value. 

Mr. Snow pointed out that in many cases cheap compounds have re- 
placed starches and that the presence of mineral oils, insoluble gums or 
other additions to starch sizes are very often the cause of the difficulty of 
removing such size. 

Mr. Nivling seconded Mr. Snow’s remarks with respect to the fact 
that the added materials were often responsible for the difficulty with size 
mixtures. Mills cannot expect to be able to standardize on a size formula 
unless they know what are the limitations of the raw materials used. The 
starch men can give this information for their materials and should do so. 

Mr. Kaufmann, in answer to an inquiry from Mr. Stewart, stated that 
while the breakdown in solution of fresh starch is physical swelling, that of 
a starch held over night will be chemical. 

Mr. White stated that he can hold starch for four days without a 
change in viscosity. His mill sizes, weaves and finishes its own goods, and 
he said that he had studied and tested over two hundred formulae. He 
contributed a comprehensive report on the slashing of cotton warps. 

Mr. Bolton stated that they are using three different size mixtures on 
cotton and eight different size mixtures on synthetic fibres according to 
the nature of the fibre and construction of the cloth. He thinks that there 
is great room for improvement at the loom, and believes the sizing problem 
is one which must be handled at each mill in accordance with its individual 
conditions. 

Chairman Smith asked Mr. Bolton if sizing must always be empirical, 
to which the latter replied that, until the destructive effect of the loom upon 
the warp is largely eliminated, or is practically the same upon all warps, 
the warp dresser must carry the burden. 

Mr. Borghetty said that they had analyzed the constituents on sized 
cloth received by them and classified these materials into good and bad. 
For rayons a combination of gelatin and sulphonated oil is one of the best 
sizes for the finishers, as it is most readily removed. Other good con- 
stituents are converted starch, gelatin, glycerine and sulphonated alcohols. 
Gelatin should not be used alone because it is not soluble in hot water and 
takes a long time to swell in cold water before it is ready to go into solu- 
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tion. Bad constituents from the finishers’ standpoint are waxes, linseed 
oil and mineral oil. 

Mr. Clayton drew attention to the fact that many heavy cottons are 
now going into clothing without finishing and carry waxes and gums that 
prevent proper shrinking. He mentioned a denim that was found to con- 
tain one per cent of paraffin. 

Mr. Kleeb asked if there should not be a differentiation between min- 
eral and vegetable waxes. 

Mr. Katz said we must distinguish between fats and waxes which are 
soluble and those which are insoluble, rather than classify them as vegetable 
or mineral materials. 

Dr. Lenher mentioned the efforts of his company to develop a synthetic 
size that would have a more stable viscosity than the natural starches. He 
told of a size mixture that at a pH of 7 was unchanged in viscosity during 
a boil of eight hours. If this can be done at a little extra expense and is 


wanted I think it is near at hand, he said. 
Mr. Broadfoot stated that such stability of viscosity would be a great 


boon to the industry. 

Mr. Sokolinski said that the sizing material men try to give the mills 
what they want, and that they can be depended upon to advise them whether 
or not the constituent materials can be desized properly. 

Mr. Broadfoot stated that grey goods mills will usually give the fin- 
isher the latter information when asked for it, but that this is not always 
the case with commission weavers and warpers, or throwsters. 

Dr. Greene confirmed Mr. Bolton’s opinion that it is impossible to set 


up a standardized formula for rayon sizing, and that the formula must fit 


individual constructions. He advised close co-operation between dressers 


and weavers. 
Mr. Cady endorsed what Mr. Borghetty said regarding the desirability 


from the standpoint of the finisher of eliminating mireral and linseed oils 
from size mixtures. He referred to an effort that was made several years 
ago to see how many grey goods mills would make known their formulae to 
finishers and the disappointing results of the canvass. 

Mr. Jenkins discussed diastase and other enzymes and noted the fact 
that these may be killed by small amounts of salt present in the goods or 
in the baths. It is ‘‘trick things’’ in sizes that give trouble, particularly 
mineral salts and mildew preventatives. Most mineral salts are water 
soluble and easily removed if it is known that they are present. 

Chairman Smith raised the question as to whether variation in vis- 
cosity was an important problem in synthetic yarn sizing. 

Mr. Broadfoot expressed the belief that it was, due to the irregular 
results that he had run across. 

Mr. Barber asked if some of the finishers’ troubles in desizing might 
not be traced to the filling, due to the oils and other materials used in 
throwing and creping. 

Chairman Smith stated that this might be a good subject for another 
conference, but that the present discussion should be restricted to warp 
sizing. 
Mr. Kaufmann hoped that the Institute would accumulate data and set 
up definite specifications for size properties and the sizing operation. 

Mr. White explained in some detail what he regarded as the desirable 
properties of a size mixture for cotton goods, and the correct method of 
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slashing, emphasizing the fact that it is deep penetration that he aims for 
principally. 

Chairman Smith asked if this was not what the rayon weaver should 
aim at in his warp sizing. 

Dr. Greene said that it was, and that only by adequate penetration 
could the yarn filaments be properly protected during weaving. 

Chairman Smith then stated that the meeting would adjourn for 
luncheon after hearing a statement from Secretary Clark. 

Secretary Clark said that, whatever might be the most important sub- 
ject for scientific research to emerge from this conference, the initial task 
of the researcher would be a study of existing scientific knowledge and 
literature. He had started the compilation of a list of references, and was 
so impressed with the importance of the basic information on sizing and 
sizing materials contained in this incomplete bibliography that he would 
mail a copy to any of those present who would give him their names. He 
also stated that the same persons would also receive an outline report of 
the meeting to be published in the June number of U. 8. Institute’s maga- 
zine. 


Discussion at the Afternoon Session 


Chairman Smith expressed the hope in opening the afternoon session, 
that the balance of the discussion could be confined to rayon sizing. The 
speakers should be careful to differentiate between flat goods and crepes, 
and also between acetate and other rayons because of the different tech- 
niques required. 

Dr. Saxl, who was asked by the Chairman to start the afternoon dis- 
cussion, expressed the opinion that the problem is largely physical. To 
stand the stress of the loom the rayon must be given increased strength and 
some kind of lubrication; the lubricating material should not only render 
the size film more flexible, but should protect the warp against surface 
friction. The sizing mixture requires low viscosity for penetration, and 
high surface tension for adhesive power. There is one point where the 
curves of high viscosity and high surface tension intersect and that is the 
best point for the size mixture. 

Dr. Greene drew attention to the fact that adhesion is equally im- 
portant. 

Dr. Saxl admitted this, and explained that it was interfacial tension 
rather than surface tension that he should have referred to. He also ex- 
plained in some detail the difference between absorption and adsorption in 
connection with the penetration of sized material. 

Chairman Smith interpreted this as the wetting and penetrating power 
of the size mixture. He also stated that one of the most important jobs 
needing to be done is the interpretation, in language that the average 
technician can understand, of a large amount of existing scientific infor- 
mation regarding sizing materials and methods. 

Dr. Neville stated that, whether or not colloid material was in an 
actual state of fine dispersion which was always characterized by a large 
ratio of surface to mass, the textile fibres as well as most of the size ma- 
terials were of colloidal nature. He emphasized the importance of the iso- 
electric point of a material in the determination of whether or not it has 
adhesive power, or whether it can be desized easily. He also explained the 
importance of measurement of interfacial tension. In closing he quoted, 
‘“Never accept a practical fact until it has been checked by theory.’’ 
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Dr. Greene referred to the literature on paint where a great deal of 
valuable work on viscosity measurement has been done. Flocculation of 
paint mixtures decreased apparent viscosity and should be studied in its 
effect on starch films. 

Miss Potter believed that viscosity is not as important a characteristic 
of gelatin size as film strength. A thin strong film with the right softener 
will hold the rayon filaments better than a thick film. 

Chairman Smith stated that this shows why starch and gelatin sizing 
are so different. The flexibility of thin films is greater than that of thick 
films. The thinnest, toughest film we can get is the ideal for rayon. 

Mr. Kleeb was interested in a staining method by which the penetra- 
tion of gelatin size into the fibres could be studied by microscopical exami- 
nation of cross-sections. He pointed out that the viscosity of starch size 
depends not only on the amount of starch but also on the degree of cooking, 
and that potato starch was much more sensitive than corn starch to a change 
of viscosity during cooking. 

Mr. Hathorne described experiments in which gelatin, glycerine and 
oil mixtures were cast into films on a mercury-amalgam surfaced brass 
plate and also on a viscose sheet. In the first case the film contained all 
the ingredients of the size mixture, and in the second case a part of the oil 
had been absorbed by the viscose film so that the size film was different in 
composition from the size mixture and therefore different in its properties. 
In answer to Mr. Kleeb he pointed out that certain wool dyestuffs when 
dissolved in absolute alcohol will act as a suitable stain for gelatin size on 
fibres. Increasing the amount of oil and glycerine in a gelatin size wil! 
improve the penetration between the filaments. One of the effects of warp 
size which had not been discussed is the influence of flexibility and solu- 
bility of size film on the crepe and pebble of crepe goods. 

Prof. Sehwarz advised Mr. Kleeb to try polarized light and parallel 
nicol prisms in order to distinguish between the fibre and gelatin size in 
cross-sections. 

Mr. Broadfoot stated that he would like to see U. S. Institute for Tex- 
tile Research start an educational program that would give finishers the 
co-operation of grey goods mills in the elimination from warp sizing mix- 
tures of materials that are difficult or impossible to remove by desizing. 
He emphasized the fact that this is a matter of mutual interest to weavers, 
converters and finishers, and that it is at present the cause of much unneces- 
sary controversy, and considerable unnecessary expense to them. He stated 
that there were cases where the finisher had to go to the expense of extra 
processing to cure unnecessary faults of the weaver, and that there are 
some faults due to improper sizing that the finisher cannot cure and should 
not be expected to. He was confident that it could be proved that the 
simplest size mixtures would give the best results for all concerned, and 
also that weavers who are using materials difficult or impossible to remove 
by desizing could get better and more economical results by their elimi- 
nation. He handed to Secretary Clark a summary of ingredients of rayon 
and acetate sizes that are considered satisfactory and unsatisfactory, noting 
that it had been compiled by his chief chemist, Mr. Borghetty. 

Chairman Smith expressed the opinion, in closing the conference, that 
all of those who had remained through both sessions could not have failed 
to profit by the discussions, and on behalf of the Research Council thanked 
the speakers for their co-operation. He felt confident that an analysis of 
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the discussion would help to break down the broad and involved warp sizing 
problem into one or more basic subjects for scientific research. He also 
felt that one of the most important services to be performed is a review 
of existing research literature on warp sizing and its interpretation to 
technicians in practical terms. 


Present at the Conference 


William Acomb, New Bedford (Mass.) Textile School; J. Everett 
Allen, Arkansas Co., Ine., New York City; Joseph Bancroft, Samuel B. 
Bird, George W. Riley, Joseph Bancroft & Sons Co., Wilmington, Del.; 
Ernest Barber, Paterson, N. J.; John E. Bell, U. S. Testing Co., Hoboken, 
N. J.; Ernest H. Benzing, Roy W. Greene, James McGibbon, American 
Bemberg Corp., New York City; C. L. Berntson, D. L. Bockins, Arthur 
Snow, Arnold, Hoffman & Co., New York City; G. M. Bierly, Keever Starch 
Co., Columbus, Ohio; Dr. J. L. Bitter, American Glanzstoff Corp., Eliza- 
bethton, Tenn.; Dr. R. Boehringer, United Piece Dye Works, Lodi, N. J.; 
Philip S. Bolton, Clinton Co., Boston, Mass.; J. Robert Bonnar, H. F. Law- 
ton, American Printing Co., Fall River, Mass.; J. M. Booth, W. A. Nivling, 
Huron Milling Co., New York City; Rene Bouvet, Duplan Silk Corp., 
Hazleton, Pa.; W. A. Broadfoot and H. C. Borghetty, Aspinook Co., Jewett 
City, Conn.; W. W. Buffum, The Chemical Foundation, New York City. 

Wm. H. Cady, U. S. Finishing Co., Providence, R. I.; H. M. Chase, R. 
T. Read, Riverside & Dan River Cotton Mills, Danville, Va.; Winn Chase, 
D. G. Woolf, Textile World, New York City; C. H. Clark, U. S. Institute 
for Textile Research, Boston, Mass.; Howard D. Clayton, Cluett, Peabody 
& Co., Troy, N. Y.; Ivy Cowan, Stonecutter Mills Co., Spindale, N. C. 

L. W. Davis, D. L. Potter, National Oil Products Co., Harrison, N. J.; 
Stoney Drake, Drake Corp., Norfolk, Va.; Alban Eavenson, Eavenson & 
Levering Co., Camden, N. J.; Ira L. Griffin, H. A. Kaufmann, F. G. La 
Piana, Stein Hall & Co., Inc., New York City; L. L. Grombacher, Standard 
Chemical Products, Inc., Hoboken, N. J. 

John Hargreaves, Warwick Mills, West Warwick, R. I.; Jay C. Harris, 
Colgate-Palmolive-Peet Co., Jersey City, N. J.; C. E. Hathaway, Leonard 
Walsh, Mount Hope Finishing Co., No. Dighton, Mass.; B. L. Hathorne, New 
York City; T. C. Hazard, Taylor Instrument Cos., Rochester, N. Y.; John H. 
Holt, Luther Mfg. Co., Fall River, Mass.; Russell W. Hook, Howard J. Bil- 
lings, Arthur D. Little, Inc., Cambridge, Mass.; Howard L. Jenkins, S. P. 
Jozsa, Fleischmann Laboratories, Standard Brands, Inc., New York City; 
Alfred Katz, Colloids, Ine., Newark, N. J.; Leonard Kleeb, Jr., David S. 
Cook, Brackett Parsons, Lee Pettengill, Pepperell Mfg. Co., Boston, Mass. ; 
Herbert C. Klipstein, American Cyanamid Co., New York City; Walter F. 
Kraemer, La France Industries, Philadelphia, Pa. 

H. Levine, Textile Testing & Research Laboratory, New York City; 
John F. Linder, Jr., Henry C. Perry, Linder & Co., Inc., Boston, Mass.; H. 
R. Mauersberger, Rayon g& Melliand, New York City; J. L. Meltzer, Anti- 
pyros Co., Brooklyn, N. Y.; C. A. Mockridge, Bristol Co., New York City; 
Dr. Harvey A. Neville, Lehigh University, Bethlehem, Pa.; Prof. Louis 
A. Olney, Lowell (Mass.) Textile Institute. Albert Palmer, Crompton & 
Knowles Loom Works, Worcester, Mass.; Chas. W. Pestalozzi, Schwarzen- 
bach Huber Co., New York City; Dr. J. Petschow, Royce Chemical Co., 
Carlton Hill, N. J.; Dr. D. H. Powers, J. J. Willoway, Rohm & Haas, 
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Bristol, Pa.; Harry Price, Celanese Corp. of America, New York City. 
Dr. R. E. Rose, L. B. Arnold, Jr., Dr. Samuel Lenher, George L. Schwartz, 
E. I. duPont de Nemours & Co., Wilmington, Del.; Arthur E. Russ, Henry 
L. Scott Co., Providence, R. I. 

Robert E. Sargent, Tubize Chatillon Corp., New York City; Dr. Irving 
J. Saxl, Waypoyset Mfg. Co., Central Falls, R. I.; H. V. R. Scheel, New 
York City; F. S. Seholler, L. O. Koons, Scholler Bros., Ine., Philadelphia, 
Pa.; Prof. E. R. Schwarz, Mass. Institute of Technology, Cambridge, Mass. ; 
Charles P. Slocum, H. A. Crown, Corn Products Refining Co., New York 
City; Dr. H. DeWitt Smith, A. M. Tenney Associates, New York City; 
John J. Sokolinski, Arabol Mfg. Co., New York City; C. C. Stewart, Victor 
Wichum, C. J. Tagliabue Mfg. Co., Brooklyn, N. Y.; A. L. Verge, Peter 
Cooper Corp., New York City; James H. White, Pequot Mills, Salem, Mass. ; 
Edward Yzewyn, Textile Dyeing & Printing Co. of America, Hathorne, N. J. 


Subject for Initial Research 


At a meeting of U. S. Institute’s Research Council, immediately fol- 
lowing adjournment of the conference, it was decided that an outstanding 
subject for initial research was the following: 

The properties of sizing materials and films in relation to the proper- 
ties of yarns and fabrics, and to the problem of desizing. 

It was voted to recommend the subject to the Textile Foundation as a 
worthwhile project. 


New Annual Members 


At meeting of the Board of Directors in New York City, May 11, the 
following were elected to annual membership in U. S. Institute: American 
Enka Corp., Enka, N. C., auth. rep., J. J. Schilthuis; E. W. Ditton, Gotham 
Silk Hosiery Co., New York City; Rachel Edgar, Dept. of Chemistry, Iowa 
State College, Ames, Iowa; Ewing-Thomas Corp., Chester, Pa., auth. rep., 
M. Lyons; King Cotton Mills Corp., Richmond, Va., auth. rep., Robert M. 
Jeffress, Vice-Pres. & Gen. Mgr.; Linder & Co., Inc., Boston, Mass., auth. 
rep., John F. Linder, Jr.; Arthur D. Little, Inc., Cambridge, Mass., auth. 
rep., Russell W. Hook; National Oil Products Co., Inc., Harrison, N. J., 
auth. rep., Thos. A. Printon; Dr. Irving J. Saxl, Waypoyset Mfg. Co., 
Central Falls, R. I.; Seamans & Cobb Co., Hopkinton, Mass., auth. rep., F. 
S. Cobb, Pres.; John J. Sokolinski, Arabol Mfg. Co., New York City; 
Standard Chemical Products, Inc., Hoboken, N. J., auth. rep., L. L. Grom- 
bacher, Pres. & Treas. 





The Taking Up of Water by Cellulose 


By WILDER D. BANCROFT * and JOHN B. CALKIN ¢ 


Introduction 


N a previous paper ' it was indicated that further experiments 

on the removal of caustic solution from fibrous cellulose by 
centrifuging would be undertaken. In the initial studies on 
this it appeared advisable to do some work on- the removal of 
water by centrifuging. The results on water became so inter- 
esting, because of the fact that our data showed a greater re- 
moval of water than that reported by previous investigators, 
that we were led away from our original purpose and decided 
to attack the problem of the taking up of water by cellulose. 
However, some preliminary work has been done on the removal 
of caustic solution and it appears that the formula previously 
derived to show the interrelation of the change-in-titer adsorp- 
tion and the total adsorption will be of material assistance in 
determining when the excess solution has been removed. It is 
not proposed to discuss these results with caustic solution in this 
paper. 

Summary 


. Water adsorbed by cotton can be removed partially by cen- 
trifuging. A new technique must be devised before we can 
attribute any physical significance to the amount of water or 
solution retained after centrifuging. 

. The amount of moisture adsorbed by cotton from saturated 
water vapor (at 25° C.) has been determined in the correct 
way by approaching the equilibrium from both sides. The 
amount taken up from saturated water vapor by our sample 
of cotton was 27%. 

. The part of cellulose peptized by caustic soda adsorbs more 
water than that which is not peptized. 


* Professor of Physical Chemistry, Cornell University. 
t Fellow, The Textile Foundation. 
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4. Various forms and derivatives of cellulose take up different 
amounts of water. 

5. The adsorption of moisture by cellulose being an exothermic 
reaction, increasing the temperature decreases the amount 
taken up. 

. Under present experimental conditions there is a hysteresis 
effect. Adsorbed air and time for readjustment of the cellu- 
lose surface might be factors. 

. We know that capillary condensation cannot account for the 
water taken up. With the limitations of x-rays we have no 
proof that some of the water may not be dissolved giving us 
a solid solution. We do know that the initial water adsorbed 
is held more strongly than subsequent amounts. 

. Stoichiometric hydrates of cellulose do not exist. 


Determination of the Water Adsorbed by Cotton 


Leighton? investigated the removal of water from cotton by centri- 
fuging and reported that the cotton he worked with retained about 400% 
water when centrifuged at 4000 r.p.m.* He considered that he had re- 
moved all the free water. Several years later Coward and Spencer,’ using 
a centrifuge with a radius of 4.1 em. and an 8-gram mass of cotton, cen- 
trifuged for 2.5 minutes and obtained the data given in Table I. They 
obtained the data given in the upper curve of Fig. 1 by centrifuging the 
cotton at 7000 r.p.m. for various times. 


TABLE I 


Speed of Centrifuge Centrifugal Force Water Retained 
(7.p.m.) (xX gravity) Per Cent 
7800 2770 
7800 2770 
7350 2460 
7000 2230 
6900 2170 
6650 2010 
5550 1400 
5400 1300 


From these data, and from certain other data which will be discussed sub- 
sequently, they concluded that the free water was close to being removed 
when the sample contained about 50% water. 

By a centrifuge-blotting method one of us had previously obtained 
a value of 42% for the amount of water retained by cotton after centri- 
fuging. 


* Leighton did not give the radius of revolution so that the force he 
used cannot be calculated. 
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Before continuing our work in determining the total adsorption of 
sodium hydroxide by cotton it was decided to try one run using water. We 
obtained the data given in Table II and Fig. 1. Comparing these with 
the data of Coward and Spencer, also shown in Fig. 1, and the previous 
value of 42% it was realized immediately that this centrifuge was removing 
more water than any used in previous investigations. From the fact that 
other investigators report that cotton takes up approximately 20% of water 
from saturated water vapor we realized that we were removing adsorbed 
water by centrifuging. This appeared of sufficient importance to war- 
rant further investigation so that the work on mercerization was postponed 
temporarily. 


Our data were obtained with a Foerst centrifuge 
rated at 15,000 r.p.m. with a cup of 2.5 em. radius. In 
its original design the centrifuge was not meant for a 
purpose such as ours so that it was necessary to drill 
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holes in the cup and use a nickel wire screen on which 
to retain the cotton. Part of the cap projected into the 
cup, so this was removed. <A hole in the cap provided 
a place for a thermometer. It was noted immediately 
that there was-a considerable rise in temperature so that 
it was necessary to provide a copper cooling-coil to pre- 
vent this rise in temperature. After the use of this 
cooling-coil the rise in temperature was reduced from 
15° C. in 183 minutes to 2.3° C. for the same time. 

There was no rheostat for various speeds, so that 
reduction in speed was effected by the use of a lamp 
bank. Attempts to determine the speed of centri- 
fuging with a hand-speed counter met with indifferent 
success, and as we were interested only in checking 
qualitatively the effect of speed, it was decided to make 
no elaborate provision for measuring the different speeds. 

It did appear advisable to calculate the force of 
the centrifuge when rotating at full speed, as this speed 
was in excess of what had hitherto been used. The 
force of a body of unit mass moving uniformly in a 
circular path is given by 


F =r (1) 
where F is the force in dynes, » the angular accelera- 
tion in cm./sec.* and r the radius in cm. For the 
angular acceleration we can substitute 


w=Fr.p.s.x 2a (2) 


where r.p.s. is the speed of the centrifuge. Substituting 
in (1), we obtain 


F = (r.p.s. x 27) r (3) 
Which expressed in grams becomes 


(r.p.s. x 29 )?r 


wie 980 


(4) 


Calculating the force (in grams) of the centrifuge used 
(radius 2.5 em. and running at 15,000 r.p.m.), we obtain 
( 15,000 
F= 60 


= 6300. 


x 2x) 2 (2.5) 
980 


TABLE IT 


Sample * previously immersed in Water for 7 hours and then centrifuged at 
Full Speed (15,000 r.p.m.) 


Total Time 
of Centrifuging Water Retained 
(minutes) Per Cent 
1 49.8 
3 41.1 
5 32.1 
10 22.6 t 
15 17.1 


* The cotton used for this investigation was prepared from raw cotton 
by the A. C. S. Standard Method.‘ © 

+t Another sample subsequently centrifuged continuously for 10 min- 
utes retained 22.1% water. 
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It will be seen from the data in Tables II to V that the amount of 
water retained by cotton for a 2-minute time of centrifuging may be varied 
from about 45% to 900% with decreased speed of centrifuging. There- 
fore, it is apparent that we can vary the amount of water, retained after 
centrifuging, over a wide range. 


TABLE III 


Effect of Reduced Speed of Centrifuging on the Removal of Water 
from a Sample previously centrifuged for 1 minute at 6300 times the Force 
of Gravity and containing 51.9% Water. 


Total Time 
of Centrifuging Water Retained 
(minutes) Per Cent 
5 49.5 
2 43.1 
Df 30.6 
90 28.5 


TABLE IV 


Effect of Reduced Speed of Centrifuging on the Amount of Water re- 
tained by Cotton 


Total Time Total Time 
of Centrifuging Water retained of Centrifuging Water retained 
(minutes) Per cent (minutes) Per cent 
2 64.6 2 137 

20 44.6 103 
35 31.4 12 88 
65 19.9 22 75 
80 18.6 32 73 
100 E77 47 70.4 
120 16.8 55 67.3 
140 17.1 
160 17.1 


TABLE V 
Removal of Water from Cotton by very Slow Centrifuging 


Time of 
Centrifuging Water retained 
(minutes) Per cent 
2 886 (944) 
12 700 


The other factor which needed checking was the ‘‘ packing effect’’; i.e., 
the effect of the size of the sample. Leighton used about a 1-gram sample, 
and Coward and Spencer about an 8-gram sample. Unfortunately the cup 
on our centrifuge was quite small so that a large range was not obtainable 
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The variation of the water retained by various sized samples for two dif- 
ferent times of centrifuging’ is given in Table VI. It is shown con- 
clusively that the 400% water reported by Leighton cannot be due to the 
‘*packing effect,’’ and, therefore, must be due solely to a lower force of 
centrifuging. The fact that the largest sample we used was still only 
about one-sixth the size of the sample used by Coward and Spencer does 
not permit drawing any such conclusion with respect to their data. Their 
higher values may have been caused by a combination of lower force and 
**nacking effect,’’ but it is believed that the former effect is predominant. 

Coward and Spencer * used the data for the removal of liquids, such as 
aleohol and xylene, to determine when the free water was removed. The 
data for the removal of aleohol from cotton under the present centrifuging 
conditions are presented in Table VII and Fig. 1. 


TABLE VI 


Effect of Size of Sample on the Amount of Water retained by Cotton after 
Centrifuging with a Force 6300 times that of Gravity 


0.5 Minutes 3 Minutes 
Approximate Size Approximate Size 
of Sample Water retained of Sample Water retained 
(grams) Per cent (grams) Per cent 
0.12* 52.1 0.14 39 
0.29 52.5 0.65 39.4 
0.59 51.5 0.94 41.5 
0.97 52.4 1.34 42.5 
1.49 55.6 
* Approximate size of sample used for other data. 


TABLE VII 


Removal of Absolute Alcohol from Cotton by Centrifuging (Force 6300 
times gravity) 


Time of Centrifuging Aleohol retained 
(minutes) Per cent 
2 10.9 
3 9.9 
5 8.2 


10 i 2, 


After 10 minutes centrifuging Coward and Spencer’s cotton contained 
about 50% water and our sample slightly over 22%, but on the other hand 
their cotton contained about 6% alcohol in the same time and our sample 
slightly less than 8%. Ipso facto this method of attack brings one no 
nearer the value for the amount of adsorbed water. 

Another point to consider in the removal of the water is the effect of 
the moisture condition of the centrifuge chamber on the final values ob- 
tained. Data covering this point are given in Tables VIII and X.. Vary- 
ing conditions are given in the table headings. 
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The amount of moisture in the chamber has an effect. While we do not 
know definitely it is probably not taking too much liberty to assume that 
previous investigators used a wet centrifuge chamber as the sample would 
certainly contain considerable excess water when placed in the centrifuge. 
There is an interesting point in comparing some of the data in Tables VIII 
and IX, in that a dry sample in a dry chamber has about 6% moisture 
whereas a sample previously immersed in water and centrifuged to 14% 
water will still retain about 11%, the dry sample in wet a chamber increas- 
ing to about 12% while the other samples increase to 14%. 


TasBLeE VIII 


Effect of Moisture in Centrifuge Chamber on the Amount of Water re- 
tained by Cotton Sample 


Time of 
Centrifuging Water retained 

(minutes) Per cent 

Sample previously immersed in water before placed 
in cup 
18 13.9 
20 14.0 
Parts dried with a cloth and dry air 
22 12.0 
24 FE 
26 EES 
Water put in cup, cap, and bottom and centrifuge 
run for 5 minutes with no sample in cup 

28 13.9 
30 13.9 


TABLE IX 


Effect of Dry and Wet Centrifuge Chambers on the Amount of Water 
retained by Air-Dry Cotton 


Dry Chamber 


Time of 
Centrifuging Water retained 
(minutes) Per cent 
0 
2 
6 
8 
10 


Wet Chamber 
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TABLE X 


Effect of Allowing Sample to Stand after Centrifuging to Constant 
Weight 


Total Time of 
Centrifuging Water retained 
(minutes) Per cent 
16 20 
18 16.6 
20 15.5 
22 14.3 
24 14.3 
After 24 hours exposure to saturated 
KBr (84% R. H.) 12.3 

26 14.4 
28 14.4 


(Centrifuge chamber contained moisture throughout experiment.) 


In order to study the removal of adsorbed water the data given in 
Tables XI and XII and Fig. 1 were obtained. In each case the history is 
given in the table heading. These data are interesting in several con- 
nections. 


TABLE XI 


Sample previously immersed in Water for 6.5 hours, centrifuged for 10 
minutes, and then progressively centrifuged 


Additional Time 
of Centrifuging 
after initial 
10 minutes Water retained 
(minutes) Per cent 
0 24.6 
2 17.6 
4 15.1 
6 13.6 
8 12.8 
10 13.0 
14 12.4 


Sample previously immersed in Water for 11 days, centrifuged 10 minutes, 
and then progressively centrifuged 


27.7 
22.4 
18.5 
16.0 
15.0 
14.0 
13.5 
13.4 
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TABLE XII 


Sample previously exposed to Saturated Water Vapor for 95 hours at 
25° C. 


Total Time of 
Centrifuging Water retained 
(minutes) Per cent 
22.0 
17.1 
13.5 
12.4 
12.1 
12.1 
1 11.9 


Sample previously exposed to Saturated Water Vapor for 138 hours 
at 25° C. 


23.8 
19.1 
15.4 
12.9 
12.4 


Water adsorbed by cotton from saturated water vapor can be partially 
removed by centrifuging; a new fact which requires that a new technique 
must be devised before we can attribute any physical significance to the 
amount of water retained after centrifuging. Another interesting point 
evident from the various curves in Fig. 1 is that within certain moisture 
content limits the rate of removal of the water is approximately constant. 
Prior to this region (illustrated by the first portion of each of the four 
curves grouped together) the removal is very rapid as shown by the curve 
labeled II. The final stages of removal are very slow, falling off to a 
constant value. Comparing curve II with that of Coward and Spencer 
it is evident that not only is a lower value obtained, but the rate for II 
is considerably greater than for their centrifuge. At the time we were 
doing our experimental work we could think of no method for independ- 
ently determining adsorbed water by centrifuging. We believe now that the 
rate of removal of water at various centrifuging speeds offers the most 
fruitful method for working this out. By determining the amount of 
water retained for various times at slowly decreasing speeds a characteristic 
break in the curves might be obtained which would indicate the amount of 
adsorbed water. 

We have shown that, with our present technique, the amount of water 
retained after centrifuging gives no criterion for the adsorbed water. 
We then tried exposing a series of samples to saturated water vapor. Our 
data, given in Table XIII and Fig 2, indicate that no equilibrium is 
attained within a reasonable time. We worked in an unevacuated desic- 
cator whereas other investigators have evacuated their samples. 

Sheppard and Newsome * report that standard cotton takes up about 17.5% 
water from saturated vapor at 30° C. Urquhart and Williams *® have placed 
the amount taken up from saturated water vapor (at 25° C.) at 22.6%. 
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TaBLeE XIII 
Water taken up by Standard Cotton from Saturated Water Vapor 
Unevacuated Desiccator immersed in Water Bath at 24.9+0.1° C, 


Time Water retained 
in Hours Per cent 
0 4.18 
6.5 14.6 
10.5 15.8 
15 16.8 
26.5 18.5 
66 21.0 
95 22.0 


138 23.8 


WATER TAKEN UP 
by 
STANDARD COTTON 
from 
SATURATED WATER VAPOR 
ar 25° 











Commenting on the 50% water obtained by Coward and Spencer’s centri- 
fuge experiments they state: 


‘*With cotton in bulk there may be another system 
of larger capillaries due to the spaces between the 
hairs. Hence, if to a quantity of cotton containing the 
saturation amount of water more water is added, these 
larger capillaries will become filled, and the subsequent 
emptying of them will cause a small reduction in pres- 
sure due to the curvature of the water surfaces in them, 
even while the cotton still contains more than the sat- 
uration amount of water. ... Apart from the fact that 
the absorption and desorption curves show no tendency to 
join at the saturation point, no experimental evidence 
was obtained from the present investigation in support 
of the views expressed above. . . . Coward and Spencer * 
have shown that wet cotton retains about 50% of water 
after centrifuging, while some experiments of the authors 
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on the rate of evaporation of water from cotton have 
shown that the water ceases to evaporate as from a plane 
surface when the moisture content is still considerably 
higher than the saturation value. Both of these results 
indicate that there is a point of some importance on the 
desorption curve corresponding to a value... greater 
than the saturation value, and it is suggested here that 
that point may be the interception of the desorption 
curve with the ordinate p/P =1. Coward and Spencer, 
however, have expressed the opinion that the 50% of 
water retained after centrifuging is not interstitial water, 
but is contained in the hairs themselves.’’ 


In the early determinations of osmotic pressures equilibrium was 
reached so slowly that investigators began to approach the equilibrium 
from both sides. We could find no data for the amount of water adsorbed 
by cotton from saturated water vapor where equilibrium had been ap- 
proached from both sides. von Schroeder* found that a piece of filter 
paper immersed in water gained weight to a slight extent when placed in 
saturated water vapor. The length of time the sample was immersed, the 
per cent of water it contained, and whether it was blotted prior to ex- 
posure are not given. The wet weight, but not the dry weight, is given. 
The weight increases for certain times are given. In order to approach the 
equilibrium in saturated water vapor from both sides samples of cotton 
were centrifuged to varying moisture contents and then exposed to sat- 
urated water vapor in a desiceator in a water bath maintained at 25° C. 
From the data given in Table XIV it can be seen that the amount of 
water held by cotton exposed to saturated water vapor (at 25° C.) when 
equilibrium is approached from both sides is between 27.6 and 27.0%. 

This 27% of water is somewhat higher than that reported by other 
investigators who have approached the equilibrium in saturated water vapor 
from only one side. Our data for the water taken up in the presence of 
air are given in Fig. 2 and show that no equilibrium condition was reached. 
Almost as a ghost of the past we find de Luc® pointing out in 1773 that 
water, in the liquid state, is the only sure immediate means of producing 


TABLE XIV 


Amount of Moisture retained by Cotton immersed in Water, centrifuged 
and then exposed to Saturated Water Vapor at 25° C. 
Per Cent Water 
Per Cent Water After Exposure to 
After Centrifuging Saturated Water Vapor 
61 50 234 Hrs. 
42 35 234 as 
35.9 30.8 73% ‘§§ 
32.8 30.4 73% § 
28.8 27.8 73%, ‘6 
28.6 27.8 73% = §6 
29.4 27.6 88 es 
25.8 27.0 88 es 
23.5 26.7 88 es 
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extreme moisture in hygroscopic bodies. Later he augmented his findings °® 
and took de Saussure to task * because he used water vapor instead of the 
liquid in his hygrometry work. Rakovski™ did not approach the equilib- 
rium in saturated water vapor from both sides, but did find various 
equilibria depending on how much water the samples had prior to desorption. 

A germane problem is the amount of water taken up by gelatin. von 
Schroeder * found that a sheet of gelatin immersed in water took up water, 
the amount depending on the time. Another sheet of gelatin containing a 
large amount of water was then placed in saturated water vapor with the 
result that the gelatin lost water. The latter data are given in Table XV. 
It will be noted that the sample had not ceased to lose water; and, in fact, 
was losing water fairly rapidly. 


TABLE XV 


Water taken up by Sheet Gelatin 
Removal of Water from Sheet from Saturated Water Vapor 
Gelatin (von Schroeder) (von Schroeder) 


Time Water Content Time Water Content 
(days) (Per cent) (days) (Per cent) 
1076 17.1 
1016 : 24.1 
998 : 30.7 
988 32.6 
979 f 36.2 
861 39.5 
759 40.5 
621 15 41.2 
482 7 40.7 
343 18 40.8 
20 41.4 


0 
1 
2 
3 
4 
5 
7 
9 
x 
4 


1 
1 


A sheet of dry gelatin was then placed in saturated water vapor, ap- 
parently reaching an equilibrium. His data are in Table XV. Subsequent 
immersion of the gelatin in water caused a rapid increase in the amount 
of water taken up. Bancroft * has discussed the von Schroeder effect. Wolff 
and Biichner * considered the whole thing due to experimental error. This 
work on cotton has demonstrated again the reality of the effect. Someone 
ought to determine just how much water is adsorbed by gelatin. 

Cude and Hulett * determined the amount of water retained by char- 
coal after centrifuging in a Gooch crucible. The results were not compared 
with those for water vapor. A determination of the water adsorbed by 
charcoal from saturated water vapor should not be a difficult task now that 
we know how to use a centrifuge in assisting us to approach the equilibrium 
from both sides. 


Water taken up by Various Forms and Derivatives of 
Cellulose 


Urquhart and Williams*: * report that raw cotton is more hygroscopic 
than soda-boiled. Lester ” has shown that the aqueous extract of raw cotton 
is more hygroscopic than the cotton itself. The aqueous extract amounted 
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to 1.73% and took up about 29% of water, compared to about 8% for the 
original sample of raw cotton presumably under the same unmentioned 
vapor pressure conditions. Urquhart’ has found that the values obtained 
for desorption of cotton from the boll cannot be reproduced on the same 
sample. He states: 


‘“From what has already been stated about the condi- 
tions obtaining when the cellulose is laid down in the hair, 
it will be evident that initially the surfaces will be in an 
exceptionally active state, and it is reasonable to suppose 
that in the drying of such material many of the active 
groups may be permanently caught into the body of the 
micelle, and so be unable to adsorb water subsequently. 
This is probably the explanation of the isotherm shown 
in Fig. 2, where the primary desorption curve of cotton 
taken direct from the boll is irreproducible, and the sub- 
sequent desorption curve provides evidence of a consider- 
ably impaired adsorptive power. On the other hand, if a 
molecule is capable of having its active groups removed 
from the surface during the primary desorption, and re- 
stored to the surface during the subsequent absorption, 
one would expect that this process could be repeated as 
often as desired, so that the adsorption and desorption 
curves after the first drying ought to be quite repro- 
ducible. This also is observed, the isotherm at 25° C. 
shown in Fig. 1 including the results of three successive 
cycles.’’ 


The entire effect of the change on primary desorption is ascribed to the 
cellulose, which may be true; but it would be illuminating to know whether 
the other material in the raw cotton suffers any change in its adsorptive 
power subsequent to drying. Sintering of the cellulose is a better theory 
which would fit ‘‘caught into the body of the micelle’’; it has the ad- 
vantage of being a more general term. 

Urquhart and Williams * have shown that the differences observed in 
raw cottons are considerably reduced by partial purification effected by 
boiling with water. Hence it is probable that pure cellulose from various 
cottons shows only slight variations in the adsorption of water; the ob- 
served differences being due largely to non-cellulosic impurities. 

Typical isotherms, as usually determined, for the adsorption of water 
by native cotton are given in Fig. 3. 

Mercer observed that cotton pretreated with caustic took up more 
water than before pretreatment. Schwalbe,” Higgins * and Hiibner and 
Wooton ™ investigated the increased moisture content of mercerized cellu- 
lose fibres. ; 

Urquhart and Williams.” have investigated the taking up of water by 
cotton mercerized without tension. After mercerization the samples were 
washed in water and hence gave the effect of transient swelling.’ No data 
have been found on the taking up of water by samples washed in brine.” 
Fig. 4” shows the difference between native and mercerized cotton. They 
have also correlated the amount of water taken up with other properties. 
Urquhart * has investigated the adsorption of moisture by cotton mercer- 
ized with and without tension and concludes that ‘‘the applied tension acts 
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in opposition to the swelling forces, so that the adsorption capacity of cotton 
mercerized with tension is considerably less than that of cotton mercerized 
loose.’ The decreased amount of water taken up after drying has been 
discussed previously.’ 

The increased amount of hygroscopic moisture retained. by cellulose 
beaten for paper-making has been found by Schwalbe* and by Kress and 
Bialkowsky.” In general, the data of Seborg and Stamm™ show a slightly 
greater amount taken up by beaten than by unbeaten cellulose for ad- 
sorption and desorption. The difference between beaten and unbeaten is 
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Fic. 3. Effect of Temperature on Amount of Water taken up by Cotton. 
(Urquhart.) 


small in all cases. Campbell* has investigated the problem on wood pulps 
and finds that the ratio of beaten to unbeaten is slightly greater than 1.00 
and is ‘‘almost within the experimental error, but as it seems _persist- 
ently in the one direction (i.e, to higher moisture content) it probably 
indicates an actual small increase in total surface. It is very. slight com- 
pared with the ratio of 1.4 produced by mercerization.’’ Munro” ‘‘has 
shown that the increase of surface due to beating can. be measured.’’ 
The mechanical treatment of plasticized cellulose. in the ._paper-maker’s 
beater results in a considerable change in. the microscopic structure of 
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the fibres. The microscopic changes due to mercerization have been dis- 
cussed already.’ 

Several investigators have shown that sheet regenerated cellulose 
(cellophane) retains considerable water after immersion in water and sub- 
sequent blotting to remove the excess.™ ** We have found that pretreating 
the cellophane with caustic soda decreases the amount of water taken up. 
120% is taken up before pretreatment, while 90% is taken up after pre- 


4 2 s 4 Se] 7 4 
PARTIAL VAPOUR PRESSURE (9P) 


Fic. 4. Water taken up by Mercerized Cottons at 25° C. (Urquhart and 
Williams. ) 


treatment with 12% NaOH. This may be the explanation for the observa- 
tion of Neale™ that ‘‘the rapid early rise of the swelling curve is prob- 
ably due to a small osmotic pressure, not included in the simple theory, 
which arises from the complete reaction with very dilute alkali of a small 
proportion of groups more acid than hydroxyl, probably carboxylic acid 
groups formed in the viscose process by the oxidation of alkali cellulose.’’ 
It has been shown™ that the part of cellulose removed by treating with 
caustic soda decreases with decreasing concentration. From this it ap- 
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pears that the emphasis should be placed on the increased capacity or in- 
tensity of the more easily peptized (that is by caustic soda) part of the 
cellulose. 

Sheppard and Newsome * report that oxy- and hydro-cellulose, as pre- 
pared for their experiments, adsorbed less water than the original cellulose. 

The considerable effect of the hydroxyl groups on the adsorption of 
water is shown by the decreased amount of water taken up by cellulose 
derivatives in which other groups have been substituted for the hydroxyls 
of the cellulose. Wilson and Fuwa™ report data showing that acetate 
and nitrate silks (of unmentioned acetyl and nitrogen contents) adsorb 
less water than white or red viscose (regenerated cellulose) silk at the same 
relative humidity. Will® has shown that the amount of water taken up 
by the nitrates he examined stands in an empirical relationship to the 
nitrogen content of the cellulose. He gives the following formula for the 
relation, 

- 334.4 — 23.65 N 
alee 31.11—N : 
where N is the per cent nitrogen and W the per cent moisture regain. 

We have determined the amount of water taken up by cellulose ni- 
trate and cellulose acetate by simply immersing the samples in water for 
24 hours and then blotting off the excess. At 23° C. two tests gave 8.0% 
and 8.1% water retained by the cellulose nitrate (12% nitrogen )and at 25° 
C. two tests gave 15.2% and 14.5% water retained by cellulose acetate (40% 
acetyl).* The checks are reasonably good and we believe that more use 
should be made of this method of obtaining the amount of water taken 
up by sheets. 

The degree of acetylation is important also. ‘‘The water sorption of 
cellulose is progressively reduced with degree of acetylation, and, in fact, 
for fibrous non-hydrate (native) cellulose, from about 16% at saturation 
to 9% for triacetate (44.5% acetyl). Cellulose acetates of less than 44.5% 
acetyl have different water sorptions, according as the hydrate or the na- 
tive lattice structure is present, the former showing considerably higher 
sorption than the latter.’’* 

Sheppard and Newsome™ report, in the case of cellulose acetate films, 
that: ‘‘ Although there is some tendency for the thicker films to show a 
lower adsorption, the drift is not decisive, whereas it will be shown that 
both the diffusivity and the density vary progressively with the thickness. ’’ 
Their data at 25° C. at saturation pressure (23.7 mm.) are given in 
Table XVI. The cellulose acetate films were all made from the same so- 
lution, but had different densities as ‘‘made by displacement of mercury 


TABLE XVI 


Maximum 
Thickness Adsorption Time 
(mm.) (Per Cent) (minutes) 
0.0405 14.95 600 
0.0850 14.49 1320 
0.1320 10.60 1290 
0.1702 10.79 1440 


* Samples and analyses furnished through the courtesy of the Eastman 
Kodak Research Laboratories. 
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by evacuated samples.’’ Helium would be a better displacement medium 
than mercury. Their results expressed as specific volumes are given in 
Table XVII. We know that mercerized cotton takes up more water than 
native cotton and that the specific volume is greater.* Someone ought to 
use helium to determine the density, and approach the equilibrium in sat- 
urated water vapor from both sides in order to find out just what does 
happen. 
TABLE XVII 
Thickness 

(mm. ) Specific Volume 

0.029 0.775 

.058 0.781 

120 0.785 

135 0.792 


‘*The molecular weight of the ester group also affects the sorption of 
water. If a series of esters of equivalent degree of esterification (prefer- 
ably as triesters) but increasing M. W. of acyl group from formyl] H — CO— 
to stearyl CH,(CH,),, —CO—, are compared for water sorption it is found 
that the water sorption steadily falls with increasing M. W. of the acyls. 
For cellulose triacetate at ps at 30° C. 10%, for tripropionate 2 to 3%, 
tributyrate 1.8%, trivalerate about 1.6%, tristearate about 1%.’’* 


Effect of Temperature on the Amount of Water taken up 


As the adsorption of moisture by cellulose is an exothermic reaction ® 
increasing the temperature should decrease the amount taken up. As the 
amount of water retained by sheet cellulose immersed in water at various 
temperatures and the excess water subsequently removed by blotting had 
not been determined previously, we decided to do this for cellophane. The 
data given in Table XVIII show that the water retained decreases with 
increasing temperature. The difference between the amounts at 7° and 
23° is small, but the trend is in the right direction. 

Schloesing “ investigated the moisture regained at 12°, 24°, and 35° C. 


TABLE XVIII 


Effect of Temperature on the Amount of Water taken up by Cellophane 
immersed in Water and Excess removed by Blotting 


Water on Sample 

Temp. ° C. (Per cent) 
117 

7 106 | 116 
116 
: 115 

23 117 ¢ 115* 

113 


98 
80 99 99 
100 


*A value of 120% was obtained for this sample in previous work. 
Pfeffer ’s “ data show 125% (123, 128) for another portion of the same roll. 
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His main method appears to have been that used in a previous investiga- 
tion on the moisture content of tobacco *' where a current of air was passed 
over the samples. For verification he used a second method in which the 
samples were exposed over different concentrations of sulphuric acid. The 
data given show that the moisture content at a given relative humidity 
decreases with increasing temperature. Hartshorne * and Wilson and 
Fuwa* have also noted the decrease in moisture content with increasing 
temperature. 

As shown in Fig. 3" increasing the temperature of water vapor de- 
creases the amount of water taken up at the same partial pressure. This 
should decrease the difference between the adsorption and desorption 
curves,"* @ 


Hysteresis in the taking up of Water by Cellulose 


A number of explanations have been offered for the different values 
obtained on adsorption and desorption of water by cellulose. Masson and 
Richards “ and Hartshorne“ attributed the difference between the two 
sets of values as due to incomplete attainment of equilibrium and not to 
hysteresis. Urquhart and Williams® considered that the hysteresis is 
caused by capillary effects; a small capillary having a lower vapor pres- 
sure than a large one, these capillaries would be the last to empty and 
hence there would be a hysteresis effect. They postulated that at low 
pressures adsorption takes place on the micellar surface and this would 
be reversible. It is erroneous to consider that hysteresis is explained on 
the basis of the size of the capillaries; if the capillaries are rigid there 
would be no hysteresis. The small capillaries would be the first to fill and 
the last to empty, and the large capillaries vice versa and there would be 
no hysteresis. The various hydrates of copper sulphate have different 
vapor pressures, but there is no hysteresis in this instance. Even grant- 
ing this, it might be that the difference in vapor pressure of large and 
small capillaries might be too small to account for hysteresis. Thomson 
states ® that for a capillary tube in which water will rise to a height of 13 
meters the vapor pressure of the curved surface will differ by only about 
one-thousandth its own amount from that of the plane surface of water 
in equilibrium at the same temperature. However, Urquhart * later aban- 
doned the capillary explanation contending that it was inapplicable since 
cotton is an elastic gel increasing steadily in volume as it takes up water. 

Urquhart * considers that adsorption of water takes place on the hy- 
droxyl groups of the cellulose. An abstract of Urquhart’s theory fol- 
lows: Because of the structure of the cotton not all of the hydroxyl groups 
are capable of taking up water; only the available or active groups can 
take up water. In drying cotton from the boll there is a tendency for 
rearrangement which causes the residual valencies of the hydroxyl groups 
to mutually satisfy each other, thus reducing the hygroscopicity. If the 
cotton takes up water there will be a tendency to restore the original orien- 
tation of the surface, so that during the taking up of water there will be 
an increase in the number of active groups, but still fewer than originally, 
thus making the primary desorption, of the cotton from the boll, irrepro- 
ducible * due to possible rearrangement and deformation. On the other 


* While Urquhart does not mention it, there is a possibility that at 
least part of the primary hysteresis may be due to adsorbed air. The effect 
of adsorbed air will be discussed subsequently. 
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hand, the tendency to restore the original surface during the taking up of 
water would produce, after the first drying, a reproducible hysteresis loop, 
which is found to be the case for three successive cycles. Since at high 
temperature the molecular energy of vibration will be greater there is a 
decreased hygroscopicity for oven-dried cotton; * but if the heating is done 
in the presence of water the hygroscopicity increases due to hydroxy] 
groups being released from the influence of each other. 

Filby and Maass“ consider that the adsorption of water is accom- 
panied by an increase in cellulose surface. The water entering between 
the cellulose surfaces becomes chemically bound and on desorption the water 
is not subject to evaporation at the same vapor pressure as that at which 
it was adsorbed. They suggest that there is a larger amount of chemically 
bound water present in cellulose during desorption than during adsorption. 

None of the work on the system cellulose-water vapor has been ear- 
ried out with the drastic methods of evacuation used for such materials as 
silica gel and charcoal. The nature of the cellulose precludes evacuation at 
high temperatures without permanent injury to the cellulose. Sheppard * 
states, ‘‘We were unable to eliminate completely the sorption hysteresis by 
repeated evacuation to 0.005 mm. pressure, at the highest temperatures the 
material would permit. This hysteresis appears to be a characteristic of 
the incompletely rigid (imperfectly crystalline) structure of these gels.’’ 

There can be no doubt that the experimental evidence points to a prac- 
tical hysteresis effect. Air might cause the hysteresis, but even after care- 
fully evacuating the samples hysteresis still persists. If we take a rubber 
balloon and inflate it the surface increases, but when the air is removed the 
balloon returns to its former size and there is no hysteresis. If cellulose is 
placed in contact with water it swells in taking up water. Now when water 
is removed there is a hysteresis effect in coming down the curve. It might 
well be that, unlike the rubber balloon, the cellulose requires considerable 
time for adjustment of the surface both in going up and in coming down 
the curve. Whether longer exposures would eliminate the hysteresis we do 
not know, so that all one is really justified in saying is that under present 
experimental conditions there is a hysteresis effect. On desorption the 
cellulose has a slightly greater surface at a given pressure than it did when 
taking up water. As shown in Fig. 3 and Table XVIII an increase in tem- 
perature, within the limits given, decreases the amount of water taken up; 
as there has been less swelling one would expect a less persistent change of 
surface and hence less hysteresis in the taking up of water. Comparing the 
curves in Fig. 3 it will be noted that less water is taken up at 40° C. than 
at 25° C., and also that the hysteresis is less. The increased moisture con- 
tent of cotton in contact with water vapor at high temperature *: ** may 
be due to partial peptization of the cellulose surface. von Weimarn states “ 
that Tauss has succeeded in peptizing cellulose with water under suitable 
conditions. 

As compared to cellulose there is practically no swelling in the case 
of silica gel, and while early investigators obtained a hysteresis effect it is 
clear from more recent investigations that hysteresis in this instance is the 
result of adsorbed air. MeGavack and Patrick,* in their work with silica 
gel, were able to show that hysteresis occurred in the adsorption of sulphur 


* We have previously discussed the sintering effect occurring in dry- 
ing mercerized cotton,’ and we believe the same explanation is applicable 
in this case. 
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dioxide only when suitable precautions to remove all air were not observed. 
By removing all air from the system the curves were completely reversible, 
but addition of air caused hysteresis. Patrick and Opdycke “ confirmed the 
above findings for sulphur dioxide and certain other substances, but ob- 
tained a hysteresis effect with water. Urquhart ® found, apparently inde- 
pendently, that he obtained a hysteresis effect for the system silica gel— 
water. However, more recently, Patrick, Davis and Barclay * have been 
able to eliminate hysteresis with water and silica gel and maintain that 
with ‘‘the most rigid exclusion of all permanent gases from the adsorbent 
prior to making the adsorption experiments . . . there is not the slightest 
evidence of hysteresis, the adsorption and desorption curves coinciding 
completely.’’ , 

Urquhart and Williams” found that evacuation of cotton decreased 
the time required to obtain check values. Sheppard and Newsome* found 
that evacuation decreased the hysteresis. 


How Water might be held by Cellulose 


There are a number of ways in which the water taken up under various 
conditions might be held. * The water taken up by cellulose might be 
held in any one or a combination of the following ways: 


1. Free or interstitial water 
2. Capillary water 

3. Adsorbed water 

4. Solid solution 

5. Stoichiometric hydrates. 


The free or interstitial water would be that held in large spaces. This 
would be operative in a mass of fibres undergoing bleaching, dyeing, etc.; 
mats of fibre lifted out of water or subjected to shorc periods of centri- 
fuging with a small force when the fibre may contain upwards of 1000% 
of water (cf. for example, Table V). 

Capillary water might be held in three different ways, i.e., in the 
capillary spaces resulting from a fibrous mass, in the central lumen, and 
in the intercrystalline and interfibrillar spaces. 

So far, moisture determinations have been made on masses of fibres. 
This introduces a large amount of space between the fibres some of which 
is probably of capillary dimensions. The determination of the moisture 
regain of single fibres does present difficulties, although no one appears to 
have tried anything except masses of fibres. New and Alty™ have esti- 
mated that the weight per em. of the ultimate fibre of different flaxes varied 
from about 0.0027 to 0.0055 mg. 

The central lumen or canal of fibres varies both in width and uni- 
formity. The central lumen in jute fibres is interrupted and of unequal 
width. Balls * reports a central lumen of 0.01 mm. for the particular type 
of Egyptian cotton which he was investigating. In coniferous fibres the 
spaces may consist of the lumen and pits. The dimensions of these are 
approximately 0.025 mm. and 0.008 mm. respectively.“ Someone ought to 
make a study of just what part the lumen plays in the taking up of water 
and solutions. At present cellulose chemists appear to be content with mere 
speculation. 

Zsigmondy * proposed the theory of capillary condensation for silicic 
acid jelly. Zsigmondy was careful to follow the distinction made by Wil- 
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helm Ostwald * between adsorbed and capillary condensed liquids. How- 
ever, Patrick and his collaborators “ maintain that capillary condensation 
accounts for all the material taken up in a porous body. 

Urquhart and Williams® put forward a theory of capillary condensa- 
tion to explain the taking up of water by cellulose. In 1929 Urquhart * 
advanced the theory that adsorption of water takes place on the hydroxyl 
groups of cellulose. 

Sheppard * has stated recently that, ‘‘ At present it does not appear 
probable that much more than about 5% water is held by primary sorption 
to hydroxyls by native cellulose, nor much more than 7% by hydrate cellu- 
lose. These are the amounts retained at p/Ps = 0.5; for values lower than 
this, the pore radii necessary for capillary condensation of water soon be- 
come meaningless. On the other hand, the bulk of the water adsorbed at 
higher vapor pressures is probably held by capillary condensation, and in 
intermicellar spaces of the order from 15 A. U. up to 500 A. U., but with 
very few above 200 A. U.’’ 

Sheppard supports his contention further by use of the heats of ad- 
sorption, stating: ‘‘Calculations of the heats of sorption of water vapour 
(from sorption isotherms at different temperatures) for cellulose (cotton 
linters) are quite consistent with the view that primary sorption, at lower 
pressures, is a chemo-sorption of water molecules to —OH groups, super- 
posed on which occurs a capillary condensation. With cellulose acetates, 
the integral heat of adsorption of water vapour approaches rather closely to 
the mere ‘heat of condensation,’ and much more so for triacetate than for 
‘diacetate.’ This indicates that with the triacetate the sorption of water 
is almost entirely by capillary condensation.’’ 

Masson states™ that the ‘‘heat of absorption by cotton is composed 
mainly of the heat of liquefaction of water.’’ As molecular heats of ad- 
sorption are higher than the corresponding heats of liquefaction * one can 
always caleulate a certain amount of liquefaction on the assumption that 
there is condensation. Table XIX from Bancroft™ gives an idea of the 
order of magnitude for various substances. 


TABLE XIX 


Molecular Heats of Adsorption and of Liquefaction of Gases 


Adsorption Liquefaction 

Adsorbing Agent Gas g. cal. per mol g. cal. per mol 
Platinum H, 46,200 (240) 
Palladium H, 18,000 (240) 
Chareoal NH, 5,900-— 8,500 (5,000) 
Chareoal CO; 6,800-— 7,800 6,250 
Chareoal N.O 7,100— 7,700 4,400 
Charcoal So, 10,000-10,900 5,600 
Chareoal HCl 9,200-10,200 (3,600) 
Chareoal HBr 15,200-15,800 (4,000) 
Chareoal HI 21,000-23,000 (4,000) 


* Coolidge reports,” in the ease of the adsorption of water by charcoal, 
that ‘‘the isotherms for the higher temperatures lie above those for lower 
temperatures (except below 20° C.). ... This would seem to be the first 
case in which the total heat of adsorption has been found to be less than the 
heat of vaporization.’ 
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Some observations of McBain™ on charcoal are of interest in this con- 
nection. ‘‘A conclusive argument against the hypothesis that water, in con- 
tradistinction to organic substances, is taken up by charcoal through eapil- 
lary condensation is supplied by experiments of J. L. Porter in the writer’s 
laboratory. He found that charcoal expands when it sorbs organic vapours. 
Capillary condensation necessitates a tension or negative hydrostatic pres- 
sure exerted upon any capillary or pore containing liquid with a concave 
meniscus, which is the only condition for the existence of liquid below the 
saturation pressure ps. Now charcoal, instead of contracting, is found to 
expand when it takes up water from unsaturated water vapour. This 
proves that with water as with organie liquids we are dealing with ad- 
sorption or persorption, not condensation to liquid in bulk.’’ 

It has been shown ™ ®: *  * that cellulose increases in volume when 
taking up water. In the case of cotton cellulose the increase amounts to 
about one-third when the cellulose takes up about one-quarter of its weight 
of water. 

Thomson “ in treating the equilibrium of vapor in capillary tubes ex- 
pressed the belief, ‘‘that the absorption of vapour into fibrous and cellular 
organic structures is a property of matter continuous with the absorption 
of vapour into a capillary tube demonstrated above.’’ Thomson’s formula- 
tion has been somewhat changed to the following ® for calculating the pore 
radii of porous adsorbents, 


__ { 2ed gas )( Pp ) 
i ( pel liquid ™ ps 


where r is the radius;* d the density of vapor and liquid, respectively; o the 
surface tension; p the pressure at the concave surface; and ps the pres- 
sure of saturated vapor of liquid in bulk at that temperature. One assumes 
that the surface tension is the same as that of the liquid in bulk, which may 
not be strictly true. In the case of cellulose it has been shown “ that the 
apparent density of the adsorbed water is not always the density of the 
liquid. In general, the worst Ethiopian in the wood pile is the fact that 
pore radii are often considerably lower than the molecular dimensions. 
Fleischer ® has caleulated the pore radii at various relative pressures for 
water, methyl] aleohol, benzene and diethylamine. Some of his data for 
water are given in Table XX. 


TABLE XX 
Relation between Relative Vapor Pressures of Water and Pore Radii 
rin A. Relative Pressures 
10 0.362 
20 0.601 
50 0.816 
250 0.961 
750 0.987 


The diameter of the water molecule (as mono-hydrol) is approximately 
3.1 A. 

Work on the specific volume of cellulose by Davidson,* Stamm,” and 
Filby and Maass“ is interesting in its bearing on the way in which water 


* Zsigmondy regards r as half the distance between the adsorbed films. 
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might be held by cellulose. They found the specific volume of cellulose, as 
measured by displacement of helium, to be 0.640.* However, the apparent 
specific volume of a sample of the same material measured by displacement 
of water is 0.621. This disappearance of volume amounts to about 12 
per cent t of the water taken up. This contraction can be due only to 
the fact that some part of the water is held by a strong constraint on the 
surface of the cotton under the influence of attractive forces. Filby and 
Maass “ report that the volume of the system cellulose-water vapor is much 
smaller than that given by the component cellulose and condensed water 
as long as the amount of adsorbed water is below 4%; with more than 
8% water, the density of the water taken up subsequently is the same as 
that of the normal liquid. Their data are given in Table XXI. 


TABLE X XI 


Apparent Density 
Per Cent of Water Vapor taken up 
Water taken up (assuming cellulose constant) 
1.6 
1.6 
2.5 
3.5 
4.7 
5.5 
6.5 
7.8 
8.6 
14.00 
11.05 


The initial water taken up (up to about 4%) shows a greater apparent 
density than that up to about 8%, after which the apparent density of the 


* The experimental work indicates that helium is not adsorbed by cellu 
lose. The analogy taken by Davidson® (and by Stamm™) that ‘‘the fact 
that helium is not adsorbed at room temperature by so active an adsorbent 
as charcoal” renders it extremely probable that there is no adsorption of 
helium by cotton’’ appears to be true but does not necessarily follow. 
‘The truth of the matter is that adsorption is specific and varies with the 
nature of the gas and of the adsorbing solid.’’ ™ 

: .  __ 0.640 — 0.621 ALS 
t Per cent Contraction = 631 03s X 100 = 12.2. 
At first blush this amount of contraction may seem high, but the following 
calculation on a 40% solution of sodium hydroxide shows that this con- 
traction is possible 
40 9 100 
er ee 
Per cent Contraction = acece neni” xX 100 = 16.1. 
) 
The per cent contractions are based on the assumption that only the water 
contracts. The cellulose itself increases in volume to a certain extent so 
that in this ease the figure is probably a minimum value. In the case of 
sodium hydroxide solution the value is a maximum. 
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water is that for pure water. Typical curves for the adsorption of water 
by cellulose show these inflections. 
Peirce” assumes that the water taken up is in two phases. 


‘*Cotton cellulose can absorb about one-quarter of its 
weight of water thereby swelling in bulk about one-third 
and losing most of its resistance to distortion. Regular 
systems of crevices can be made to appear under the 
microscope, and it is evident that the apparently continu- 
ous material must be so built up that water molecules can 
penetrate throughout, are strongly attracted to the cellu- 
lose, and greatly modify its properties. 

‘Tt is known that a small quantity of water is ab- 
sorbed by dry cotton very much more rapidly than the 
same amount added to cotton with a moderate water con- 
tent, has much greater effect on the elastic properties, 
evolves more heat, and is more difficult to remove. The 
effects appear simplified if the absorbed moisture be re- 
garded as in two distinct phases, in which one water mole- 
cule (H.O) attaches itself individually to one hexose 
group (C,H,O;), whereas in the other an indefinite num- 
ber of molecules can be absorbed in a looser fashion over 
all available surfaces, limited only by the conditions of 
space and of equilibrium with the external concentration 
of aqueous vapor. This view was suggested by observa- 
tions of the rigidity of cotton hairs” and was found to 
yield a theoretical relation which accounts quantitatively 
for the observed effect.’’ 


Filby and Maass “ also believe the water to be held in different ways. 
‘*Among the other properties referred to above, the sorption of hydrogen 
chloride on cellulosic materials containing sorbed water has given evidence 
that two states of sorbed water exist, namely, chemically combined surface 
water, and water which is held by capillary attraction between adjacent 
cellulose micellae.’’ 

Davidson’s values* for the apparent specific volume in a number of 
organic liquids (Table XXII) indicate that these results might be ex- 
plained on the hypothesis that all of the pores of the cellulose are not 
accessible to the various liquids. On the other hand, Stamm’s values ® 
(Table XXIT) do not check those of Davidson. 

Sheppard and Newsome * have discussed the influence of porosity on 
the amount of water taken up. They found that the opaque form of 
nitrate films is more porous and take up more water. Heating the 
opaque type decreases the amount of water taken up. It has been pointed 
out already’? that the decreased adsorption of water by mercerized cellulose 
which has been heated may be due to sintering. This links the adsorption 
of water by cellulose and its derivative in part to the effect of surface. 
Further data on the effect of surface have been obtained by Sheppard and 
Newsome who found that glucose pentacetate and cellobiose octacetate take 
up only 1 to 2% of water at 100% relative humidity. 

The effect of groups on the amount of water taken up by cellulose and 
its derivatives has been discussed previously. 





"'* guanjoy, 
629°0 O6s'T ***"* (squ) joyooe [AqIq reseecscesces QuaZuaqouzIN 
Te9°0 EBT “"'' °° *'** yoyooe [Adorg vteeeeses gpropyaesje} uoqieg 
$£9'0 Uh a te WLIO FOLO[ YO ‘+ guaezueg 
ce9'0 9L¢°T * eprydiustp uoqiep * UWIOFOIO[Y) 
c£9'0 PIGT cccccccct tts quazuag auoqzaoy 
(4y1suop -dde woz ‘ofeo) Aysuog ‘ddy pmbry ") 003 38 W009 pmbrq 
‘PA “dg ‘ddy (petoq-epos) Y cg Fo 
euNjoA dytwedg yuereddy 
(urure}g) (uospraeq) 


spmnbr] snowe,A ut sso[n{[ay Jo sumnjo, oywedg yuoieddy 


ITXxX FMV 


nH 
) 
SS 
3 
3S 
s) 
ie) 
> 
S 
x 
SI 
~ 
= 
t—, 
Ss 
Q, 
= 
dS 
.§ 
4 
SS 
~ 
Ss) 
= 
SS 





396 Textile Research 


Neale ® claims that the water taken up in the presence of caustic soda 
is taken up by osmosis, but gives no proof that the water exists as a solid 
solution. It offers no explanation for Neale’s later finding ™ that barium 
hydroxide is adsorbed to a greater extent from an equivalent solution than 
sodium hydroxide, yet the water taken up decreases continually over the 
solubility range of barium hydroxide instead of increasing as it does with 
sodium hydroxide. 

Katz, working with X-rays, found that the unit cell of cellulose is un- 
changed by the taking up of water.” This had been interpreted as indi- 
cating that the taking up of water is a case of adsorption and not of solid 
solution. This is not a wholly justifiable position as is pointed out by 
Katz * where he states that: 


‘When we find that the X-ray diagram is different 
before and after swelling, we can be pretty sure that 
liquid has been taken up into the interior of the micellae. 
If the liquid is only adsorbed at the surface of the micellae 
we should find no change in the X-ray diagram (surface 
layers giving no X-ray diagram of their own, because they 
are too thin; at most the amorphous diagram of the liquid 
can appear super-imposed over the diagram of the solid). 
But we are not entitled to draw from the unchanged dia- 
gram the conclusion that liquid did not penetrate into the 
interior of the micellae: if only one or two layers of mole- 
cules are attacked by the liquid, there may be no change in 
the X-ray diagram (as there is no new period of identity 
formed); moreover, if in the swelling substance there 
should be more intermicellar substance, working like lime 
between the bricks of a building, this intermicellar sub- 
stance might be changed without influencing the X-ray 
diagram, because its amount is too small.’’ 


Some time ago the opinion was current that cellulose existed as various 
stoichiometric hydrates. Cross and Bevan™ maintained that mercerized 
cellulose had the formula C,,H,,C,,-H.O (ca. 5.3% H,O). Due to the work 
of Miller" and others this was’ shown to be erroneous. In order for 
stoichiometric hydrates to be formed it is necessary to have a step curve.” 
The dehydration of cellulose gives a smooth curve, such as shown in Fig. 1. 
The humidity equilibria of various typical systems have been discussed by 
Wilson and Fuwa.* 

Recently Champetier ® has deduced that strict stoichiometric propor- 
tions hold for ordinary and for mercerized cellulose. As shown by the 
data in this report any stoichiometric hydrates must contain less than 4% 
of water if they exist at all. The reeent work of Haworth * would indicate 
a possible stoichiometric hydrate; but it would not be possible to detect 
such a small moisture content. Champetier ® has arrived at the proportions 
0.5 mol per C, group for native cotton and 1 mol per C, group for mercerized, 
by the use of sodium hyposulphite and a method previously outlined. What 
Champetier has done is to consider constant composition only as a criterion 
of compound formation without the application of the phase rule. He 
also used pyridine ® instead of sodium hyposulphite and reports an approxi- 
mate check. Champetier has used somewhat the same reasoning for other 
compounds. 
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Prof. Louis A. Olney and M. W. Weiss. 


I. Freres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


CAPILLARY PENETRATION OF FiBrRoUS MATERIALS. R. L. Peek and D. A. 
MeLean. Ind. and Eng. Chem., Anal. Ed., March 15, 1934, P. 85-90. 


This paper is a study of the penetration of liquids into porous ma- 
terials, with special reference to the use of capillary rise in strips of 
fibrous materials as a test method for the evaluation of the penetration 
tension of the liquid-solid system (the penetration tension being the prod- 
uct of the surface tension and the cosine of the contact angle). It is 
shown theoretically that the rate of rise, dh/dt, varies linearly with the 
reciprocal of the height of rise, 1/h, and that the slope of the straight 
line obtained by a plot of these quantities is proportional to y/n, where y 
is the penetration tension and 7 the viscosity of the liquid. The propor- 
tionality constant is shown to be dependent not merely on the average 
pore size, but on the extent of the range of pore sizes represented. Using 
a single solid medium, therefore, relative values of the penetration tension 
for various liquids may readily be determined. Experimental data sup- 
porting the theory are presented. (S) 


CELLULOSE IN COTTON STALKS AND Cusps: UNIT CELL or. J. P. Sanders 
and F. K. Cameron. Ind. and Eng. Chem., Dee., 1933, P. 1371-1373. 
The cellulose of cotton stalk and cotton cusps is shown to be the same 

cellulose found in cotton lint, spruce, pine, and poplar. The unit cell or 

fundamental structure obtained by a chemical treatment is the same irre- 
spective of the origin of the cellulose. Differences in physical properties 
of products from celluloses of different origins are to be sought in micelle 

or fibroid structures. These are being investigated. (S) 


CELLULOSE: SORPTION OF WATER BY. S. E. Sheppard and P. T. Newsome. 

Ind. and Eng. Chem., March, 1934, P. 285-290. 

The sorption of water by cellulose is one index of the fine structure 
of the gel. The sorption of water vapor is determined by two phases or 
stadia, continuous with each other. There is a primary surface or chemo- 
sorption, dependent on the free hydroxyls. Water molecules are held to 
these by strong forces, considerably greater than for the condensation of 
water vapor. There is also a volume sorption, or capillary condensation. 
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Mereerization (i.e., treatment with caustic alkali solutions of 18% 
or higher, followed by washing out the alkali) gives a cellulose with a 
coarser lattice structure and higher water absorption at all vapor pres- 
sures. Similar materials are obtained by ‘‘regeneration’’ of cellulose from 
cuprammonium solution or from viscose, as also by hydrolysis of cellulose 
esters reprecipitated from acetone solution. These are termed ‘‘ hydrate 
celluloses.’’ On the other hand, degrading treatments, such as acid tender- 
ing and oxidation, do not materially change the water adsorption. 

Wood pulp (alpha-pulp) has a higher sorption than cotton cellulose, 
approaching mercerized cellulose. But the sorption of water vapor is un- 
affected by beating (‘‘hydration’’). 

‘*Hydration’’ comprises effects depending upon increase of external 
surface or dispersity. This increase permits closer interlocking of the 
dried felt or sheet, hence, inter alia, lower absorption, and retention of 
liquid water thereby. (S) 


CELLULOSE FIBRES: SURFACE Properties oF. Harold DeWitt Smith. Am. 

Dye. Rptr., Aug. 28, 1933, P. 515-518. 

A summary discussion of certain phases of the Faraday Society Col- 
loid Symposium held in England in September, 1932. Surface with re- 
spect to reactivity, ete., is distinguished from external surface, and the 
structure of cellulose fibres, both normal and degraded, is outlined. The 
emphasis is evidently shifting from a study of the atomic space lattice for 
cellulose to investigation of the long-chain molecular structure of the fibre. 


(8) 


COLLAGEN FIBRES AND THE POINT OF ATTACK BY PROTEOLYTIC ENZYMES: 
StTrucTuRE oF. D. Jordan Lloyd and M. E. Robertson, Nature, Jan. 
20, 1934, P. 102-103. 


Attack by enzymes on collagen fibres has been shown to take place 
at the cut ends of the fibres rather than their sides. The study is of interest 
in connection with the hypothesis that much of the bacterial attack on 
fibres is through their cut ends. (S) 


ELECTRICAL CONDUCTANCE OF SILK AND OTHER TEXTILE FiBRES. R. Tsuno- 
kaye and G. Enomoto. J. Soc. Dyers and Col., Dee., 1933, P. 377- 
379. 

The method of determining the electrical conductance of textile fibres 
is described, and the influences of various treatments of silk on its elec- 
trical conductance have been investigated with the following results: The 
electrical conductance of cellulose artificial silks is generally greater than 
that of natural silk, while that of cellulose acetate silk is much less than 
that of other artificial silks. The electrical conductance of raw silk de- 
creases after degumming while that of silk scoured with soap or free 
caustic soda solution is greater than that of silks scoured with pancreatin. 
Consequently, if silk of high electric insulation is required, it is prefer- 
able to scour it in an enzyme bath. 

The electrical conductance of silk treated with water at above 121 
degrees C. and 2 atms. pressure, is greater than that of silk scoured with 
soap or pancreatin, owing to destruction of fibroin. 

When soap-scoured silks are treated with sodium hydroxide of differ- 
ent concentrations, their electrical conductances differ, and the more con- 
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centrated the alkali, the greater the conductance. This effect does not 
depend only on the destruction of the fibroin, but is much influenced by 
the sodium combined with it. 

When silk is weighted by means of tin-phosphate, its electrical con- 
ductance increases according to the degree of weighting. This increase 
is not caused by the destruction of the fibre, but by the weighting salt, 
because the strength and elongation of the silk are inereased to some ex- 
tent by the weighting. Tendering of weighted silk, therefore, must occur 
in storage. Consequently, the statement that ‘‘tin-weighting of silk makes 
it less liable to become dirty’’ seems to be a reasonable one. (S) 


Woo.: REACTIVITY OF THE SULFUR LINKAGE IN. J.B. Speakman. Nature, 
1933, V. 132, P. 930; cf. Chem. Abs., V. 25, P. 1388; H. J. Woods, 
Nature, 1933, V. 132, P. 709. 


From the contraction of wool fibres in solns. of Na,S and Ag,SO,, it 
is apparent that the phenomenon of supercontraction is assocd. with the 
breakdown of disulfide linkages in wool, so that when strained fibres are 
exposed to steam, the first reaction is RSSR + H,O —@ RSH + RSOH. 
That this reaction is possible is supported by the fact that wool heated 
with H,O in the presence of Hg vapor is rapidly contaminated with HgS 
at a temp. as low as 55°. The second step, the rebuilding of new linkages, 
probably takes place as follows: RSOH + RNH,= RSNHR + H.0. This 
view is supported by the fact that when fibres are treated with satd. 
Ag.SO, for 17 hrs. in the cold, to convert the disulfide group to RSO,H, their 
ability to assume a permanent set is considerably reduced. The reactivity of 
the S linkage in wool is also shown as follows: prolonged treatment with 
baryta water removes the S from wool, but an addn. compd. is apparently 
formed first. Its formation is responsible for the inability of fibres 
treated with satd. Ba(OH), for 1.5 hrs. in the cold to contract when boiled 
one hr. with 5% NaHSO, soln. In addn. such fibres have no power of as- 
suming a permanent set. (Copied complete from Chem. Abs., 1934, V. 
28, P. 1868.) (W) 


Woo.: Process ror MAKING ARTIFICIAL. E. Pallas. Kunststoffe, 1933, 
V. 23, P. 281-2. 
Jute is treated with a 25-30% KOH soln. for 30-45 min. at ordinary 
temp., then carefully bleached, treated with dil. acid and finally oiled. 
(Copied complete from Chem. Abs., 1934, V. 28, P. 2540.) (W) 


II. Yarns AND FABRICS 


Fasric INVESTIGATIONS. VII. Wert CRACKS IN Rayon Crepe. VIII. 
Warp STRIPES IN ACETATE-RAYON CLOTHS. W. Weltzien, W. Coordt 
and H. Skamkiewicz. Mitt. Textilforschungsanst. Krefeld, 1932, V. 8, 
P. 17-23, 25-32; ef. Chem. Abs., V. 27, P. 3081. 

VII. Weft cracks oceur more frequently in rayon crepe fabrics when 
bleached yarn has been used, and are then generally due to loeal oxidation 
caused by residues of linseed oil size or of spinning oil contg. traces of 
metals. Over-twisting of yarn causes a small loss of strength, but is not 
a probable eause of serious weakness; such weakness can be detected by 
an increased strength of the yarn when untwisted. Spinning faults and 
too heavy calendering are other possible causes of weft cracks. 





402 Textile Research 


VIII. Warp stripes in acetate-rayon fabrics may be due to variations 
in the quality of the rayon, in the tension or arrangement of the warp ends, 
in the luster of partly hydrolyzed acetate or of acetate delustered without 
hydrolysis, or to faulty desizing. (Copied complete from Chem. Abs., 1934, 
V. 28, P. 2190.) (W) 


FABRICS: COMPARATIVE ANALYSIS OF THREE HUNDRED. Rachel Edgar. 

Iowa State Coll. J. Sci., 1933, V. 7, P. 17-73. 

Three hundred fabrics which included all common fibres, kinds of yarn 
and construction of fabric were tested. Methods used in testing and data 
for the following characteristics are given for each: fibre, kind and length; 
construction; yarn, twist, no. per in.; yds. per lb. and percentage of 
fabrics; weight oz. per sq. yd.; thickness; width; finish; water ext.; ash; 
shrinkage; breaking strength, wet and dry; elongation at breaking load, 
wet and dry. LEighty-nine diagrams and 35 photographs illustrate con- 
structions of fabrics. (Copied complete from Chem. Abs., 1924, V. 28, P. 
2190.) (W) 


FIREPROOFING OF FABRICS: PERMANENT. L. P. Michel. Tiba, 1934, V. 12, 
P23) Be 
Practical operating directions. (Copied complete from Chem. Abs., 
1934, V. 28, P. 2540.) (W) 


FiLax YARN: RELATION BETWEEN ABSOLUTE AND WET STRENGTH. J. 
Dantzer and O. Roehrich. Rev. textile, Dec., 1932, Jan., Feb., Mar., 
1933, P. 1-37. 

A study of the relation between the abs. strength and the wet strength 
of flax. The yarn was examd. microscopically from the standpoint of the 
retting process and pectic matter content. The wet strength of the yarn 
obtained from a given two depends firstly on the fineness after carding 
and secondly on the foreign matter content, which consists more of degrada- 
tion products of the cortical tissues than of waxes and pectins. It is the 
latter that gives the slipping qualities required in dry spinning. For wet 
spinning, in which stretching takes place between the elementary fibres, it 
is advisable to try to remove as much as possible of the pectin binder in 
the inside of the fibre bundles. Chem. retting, which tends to cottoniza- 
tion and which liberates fibres that are too short, should be avoided in many 
cases. Pushing degumming too far yields a yarn that is dull and fuzzy 
after stretching. Luster is due to the parallelism of the slightly twisted 
fibres held together by the natural gums. (Copied complete from Chem. 
Abs., 1934, V. 28, P. 1867.) (W) 


Rupser: USE OF—IN COMBINATION WITH TEXTILES. Erich Wurm. Chem.- 
Ztg., 1934, V. 58, P. 53-5. 
An illustrated description of the manuf. of various products. (Copied 
complete from Chem. Abs., 1934, V. 28, P. 2569.) (W) 


Rayon CREPE FasricS: TREATMENT OF (VISCOSE)—WITH CaustTIC ALKA- 
uigs. L. Kollmann. Mell. Textilber., 1933, V. 14, P. 134-5. 
The shrinkage, handle and appearance of viscose rayon fabric may be 
modified by treatment, before or after creping in a hot soap bath, with dil. 
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aq. NaOH. Full details are given of the behavior of a viscose weft crepe 
fabric when creped with the assistance of aq. NaOH of d. 1.06 and 1.16; the 
resulting handle is softer and dyeing more even with the dil. NaOH, and 
treatment with the more concd. NaOH is not recommended, but the overall 
shrinkage of the fabric is 30% greater when the creping process includes 
an alkali treatment (before or after the hot soap bath) than without it. 
Viscose filaments of 7 denier swell in diam. 28, 36, 45, 76, 118 and 67% 
when immersed in solns. contg. 0, 5, 20, 60, 115 and 330 g. of NaOH per 
liter, resp. Viscose rayon loses 13% in tensile strength after treatment with 
NaOH (d. 1.16), but is unaffected in strength by NaOH (d. 1.06). A 
viscose filament swelled 69% when immersed in NaOH (d. 1.05), but re- 
gained its original dimensions when washed and dried. The crepe ap- 
pearance of fabrics treated with dil. aq. NaOH is less coarse than when 
this treatment is omitted. (Copied complete from Chem. Abs., 1934, V. 
28, P. 1868.) (W) 


WooL-CoTtoN TEXTILES: ANALYSIS OF. Ralph T. Mease and Daniel A. 

Jessup. Bur. of Stds. J. Rsch., Jan., 1934, P. 75-85, 

The results of a study of several methods for the determination of cot- 
ton and wool in mixtures are presented. The inadequacy of some of the 
methods is shown, and a satisfactory procedure is described. In this 
method, sizing, finishing materials, and natural nonfibrous constituents of 
the textiles are removed by solvent extraction followed by digestion with 
a starch-hydrolyzing enzyme and washing. Wool is determined directly 
by weighing after removal of the cotton by carbonization with aluminum 
chloride. Cotton is determined directly by weighing after removal of the 
wool with potassium hydroxide. Results accurate within 1% of the amount 
of total dry fibre present are readily obtainable by the method. (S) 


III. CHEMIcAL AND OTHER Processtna (Nor 
OTHERWISE CLASSIFIED ) 


ANTIOXIDANTS OF RuBBER LaTex. H. F. Bondy, with G. G. Lauer. Ber., 

1935, V. 66B, P. 1611-21; Chem. Abs., 1934, V. 28, P. 1219. 

The object of the investigation is to identify the natural antioxidant 
in raw rubber, to isolate it, and to establish its constitution and mode of 
action. . . . Those solns. which had the deepest brown color had the least 
tendency to autoxidize, and further expts. showed that a dye is present in 
the rubber which retards autoxidation by absorbing the radiation which 
promotes autoxidation. Tests of known dyes proved that some have a very 
marked protective effect, whereas others have only a slight effect. The 
activity of the dyes is sp., with the color alone determinative, sc that no 
chem. action is involved. In general only dyes with a particular absorption 
spectrum are effective, and later work will correlate their absorption curves 
with the curve of the natural antioxidant. In this way wave lengths which 
influence autoxidation can be detd. (W) 


Azo Dyses: Ligut SENSITIVITY OF ARYL-G—-NAPHTHYLAMINE. F. Kroll- 
pfeiffer, C. Mulhausen and G. Wolf. Ann., 1933, V. 508, P. 39-51; 
Chem. Abs., 1934, V. 28, P. 1865. 
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Basic DyesrurFS: DETERMINATION OF—BY MEANS oF SILICOTUNGSTIC ACD. 
E. B. Johnson. J. Soc. Chem. Ind., 1933, V. 52, P. 354T; ef. Trotman 
and Frearson, Chem. Abs., 1932, V. 26, P. 2321; 1934, V. 28, P. 
900. (W) 


BLEACHING AND DYEING OF VISCOSE ScHAPPE. J. Braconnot. Russa, 1933, 
V. 8, P. 753-7. 
Practical operating directions on the proper degreasing, bleaching and 
dyeing of viscose schappe. (Copied complete from Chem. Abs., 1934, V. 28, 
P3sl.) CW) 


BLEACHING WITH STRONGLY ALKALINE HyDROGEN PEROXIDE. Walter Fehre. 

Rev. gen. mat. color., 1933, V. 37, P. 466-7. 

It has been found that different vegetable fibres require different alk. 
strengths for the best bleaching and that weak org. acids develop from 
these fibres during bleaching, weakening the desired alky. As a practical 
matter, it is recommended to bleacheries treating a variety of fibres to 
check the alky. at intervals with phenolphthalein as indicator against 
0.1 N oxalic acid and renew to the desired strength. (Copied complete from 
Chem. Abs., 1934, V. 28, P. 1193.) (W) 


DYEING CELLULOSE MATERIALS WITH REFERENCE TO THE STRUCTURE OF 
CELLULOSE. R. E. Rose. Ind. Eng. Chem., 1933, V. 25, P. 1265-8; cf. 
Chem. Abs., 1932, V. 26, P. 2599. 

Since different cellulosic materials as well as derivatives react differ- 
ently toward the same dyestuffs and since mech. treatment of a given mate- 
rial alters its dye index, probably correlations relevant to the structure of 


cellulose can be found. (Copied complete from Chem. Abs., 1934, V. 28, 
P. 316.) (W) 


DYEING oF ACETATE RAYON WITH Basic DYESTUFFS: QUANTITATIVE IN- 

VESTIGATIONS OF THE ACTION OF ADDED SUBSTANCES IN THE. Peter 

F. Bernoulli. Helv. Chim. Acta, 1933, V. 16, P. 1226-48. 

The Na salts of sulfonic acids of certain aromatie hydrocarbons have 
an effect in the dyeing which cannot be referred to any change in the 
degree of swelling of the acetate fibre but is a true soly. effect. This is 
confirmed by the extensive parallelism between the partition coeffs. for the 
dyestuff for H,O/EtOAe and H,O/acetate rayon. (Copied complete from 
Chem. Abs., 1934, V. 28, P. 1193.) (W) 


DYEING OF CELLULOSE ACETATE Rayon. Mainguet. Russa, 1933, V. 8, 
P. 757-61. 
Practical operating directions are given for the suceessfui reduction of 
the shade of overdyed goods. (Copied complete from Chem. Abs., 1934, V. 
28, P. 330.) (W) 


DYEING oF CoTTon: CoLLOID-CHEMICAL PRocESSES IN. Albert Schaeffer. 
Angew. Chem., 1933, V. 46, P. 618-22. 
Dispersion tests were carried out on dyes of all classes by the method 
of Auerbach, as well as by dialysis and ultrafiltration through standardized 
ultrafilters. The results are presented in schematic form. Present-day 
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information leads to the belief that cotton dyeing consists of three phases: 
(1) diffusion of the dye into the sub-microscopic voids of the fibre, (2) 
adsorption of the dye and (3) irreversible fixation of the dye. Further 
theoretical possibilities are discussed. Seventeen references. (Copied com- 
plete from Chem. Abs., 1934, V. 28, P. 330.) (W) 


DYEING: RECENT TECHNICAL DEVELOPMENTS IN. A. J. Hall. Chem. Age, 
1933, V. 29, P. 609-10; Chem. Abs., 1934, V. 28, P. 1865. (W) 


EFFECT OF THE PRODUCTS OF HYDROLYSIS OF WOOL ON DYES OF THE THIO- 
CYANINE GR Group. N. Nikolaev. Anilin. Prom., 1931, No. 2-3, P. 28- 
34; Chem. Zentr., 1932, V. 1, P. 1298; Chem. Abs., 1934, V. 28, P. 
331. (W) 


EVALUATION OF TEXTILE PENETRANTS. S. Lenher and E. J. Smith. Ind. 

Eng. Chem., Anal. Ed., 1933, V. 5, P. 376-81. 

An improved centrifugal method is described for evaluation of textile 
penetration assistants. The advantages of this method as compared with 
the sinking time method for the qual. evaluation of wetting out agents are 
pointed out. The surface tension of a soln. toward air is no criterion of its 
penetrating ability toward textile fibres. Measurements of the efficiency of 
a variety of textile-penetrating assistants over a range of concns. and 
temps. are given. (Copied complete from Chem. Abs., 1934, V. 28, P. 
333.) (W) 


INFLUENCE OF LigHt oN Vat DygInGs. A Landolt. Bull. fédération intern. 

assoc. chim. textile couleur, 1933, V. 2, P. 102. 

Cotton dyed or printed with certain vat colors is tendered by exposure 
to light. The tendering after a normal long exposure has been correlated 
with that caused by a short exposure of the same sample impregnated with 
a dil. soln. of NaOH. The tendering colors cause fading of other colors 
when applied in mixts. The acylaminoathraquinones and the dianthra- 
quinonyl amines cause severe tendering, while the anthraquinonazines and 
the derivs. of benzathrone are inoffensive. With the thioindigoids the 
derivs. of thionaphthene are to be feared in spite of the antioxidant NH, 
group in the mol. Blues and greens are least objectionable of the various 
shades. A list of safe vat colors is given. (Copied complete from Chem. 
Abs., 1934, V. 28, P. 329.) (W) 


QUANTITATIVE ESTIMATION OF DETERGENCY. O. M. Morgan. Oil and Soap, 

1933, V. 10, P. 223-7. 

A standard soiled cloth in lab. expts. showed that it was sufficiently 
sensitive to show up differences in washing procedure. In a comparison of 
the detergent efficiencies of laundry soap builders it was shown that Na,SiO, 
was the most efficient followed by NaOH, Na;PO, and Na,CO;. On a plant 
scale the same order of efficiency was obtained. The pH values at which 
max. detergent effects were noted varied considerably. For Na,CO,, Na;PO, 
and modified soda the max. pH values found during treatment with suds 
were 10.1 and 10.2; Na, SiO, gave opt. results at a pH value of 10.8 and 
NaOH at 10.6. No trouble was experienced in rinsing out any of the 
alkalies used. (Copied complete from Chem. Abs., 1934, V. 28, P. 668.) 

(W) 
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rH 1n Dyeinc. Maurice Déribéré. Tiba, 1933, V. 11, P. 729-37. 


An explanation of the notion of rH (decimal colog. of the equil. H 
pressure over the soln.), of its electrometric and colorimetric detn., and of 
its applications to chem. phenomena, more particularly in dyeing. (Copied 
complete from Chem. Abs., 1934, V. 28, P. 330.) (W) 


Sopium ALKALIES ON VEGETABLE TEXTILE FIBRES: OVERCOMING THE Bap 
Errect oF. Raymond Vidal. Rev. gen. mat. color, 1933, V. 37, P. 
437-8. 


To overcome the bad effect of alkali treatment in bleaching operations, 
it is proposed to use a bath of about 1% of Liposels for 5-10 min. followed 
by a cold bath of alk. hypochlorite contg. 0.3% active Cl. Repetition of this 
treatment even three or four times does not show formation of oxycellulose 
by the Turnbull blue test. The merits of this process are the cold treat- 
ment, omission of two washings and two acid treatments, reduction of time 
of bleaching, in so far as concerning cotton, from two or three days to three 
or four hours, and a better conservation of the fibre and its weight. (Copied 
complete from Chem. Abs., 1934, V. 28, P. 647.) (W) 


IV. ResearcH MeEtTHopS AND APPARATUS 


HYPOCHLORITE-OXYCELLULOSE. R. Haller and F. Lorenz. Helv. Chim. Acta, 
1933, V. 16, P. 1165-80. 


Oxycellulose, prepd. from purified cotton cloth by treating with alk. 
NaClO and CO, was extd. with wet steam. The Cu no. (Schwalbe) de- 
creased 60% from 11.3 in 12 hrs. The extn. results ia soln. of a part of 
the reducing degradation products in the oxycellulose as such without hy- 
drolysis and the sol. part is adsorbed on the original oxycellulose. Opti- 
eal rotation in cupric tetrammine hydroxide showed that the extd. oxycellu- 
lose still contained oxidation degradation products. The compn. of the oxy- 
cellulose ext. was studied. The appearance of a polymer of glucose and 
a partly oxidized deriv. of it which is built up chiefly of glucose residues 
indicates that the oxidation of cellulose with hypochlorite causes a hydro- 
lytie splitting of the mol. On the basis of a chain structure of glucose 
residues for cellulose, hydrolysis means a breaking of acetal bonds between 
pairs of glucose residues and freeing of aldehyde groups. Oxidation of these 
chain fragments splits them further and changes the aldehyde groups to 
COOH groups. The absence of d-glucuronie acid in hypochlorite-oxycellu- 
lose is shown, contrary to Pringsheim (Chem. Abs., V. 15, P. 2721). 
(Copied complete from Chem. Abs., 1934, V. 28, P. 1526.) (W) 


Cotton: New MernHop ror DerectTINGc—WHICH Has BEEN DETERIORATED 
BY CHEMICAL AGENTS. J. Markert. Text. Forsch., 1933, V. 15, P. 1- 
11; Chim. et. Ind., V. 30, P. 1163. 


An old observation of Willows and Alexander on the swelling of cellu- 
lose in an alk. liquor can be used to detect and evaluate the degradation of 
cotton by chem. agents. When cotton fibres, which have been cut per- 
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pendicularly to their length, are treated with 19 Bé. NaOH it can be seen 
under the microscope that the ends of undeteriorated fibres swell into a 
mushroom-like formation. Comparative observations were made with cot- 
ton that had been deteriorated with more or less coned. H,SO, solns. (hydro- 
celluloses) or oxidizing solns. contg. 1-3 g. available Cl per 1. (oxycellu- 
loses). There can be distinguished three types of fibres: (a) well-formed 
terminal swellings, (b) moderate swelling, (c) no distinct swelling. By 
means of the percentages of (a), (b) and (c), the amt. of chem. deteriora- 
tion can be expressed numerically. This can be done with either raw, mer- 
cerized, bleached or dyed cotton. Mech. strength tests showed that there 
is a certain parallelism with the value used to express chem. degradation as 
indicated above. (Copied complete from Chem. Abs., 1934, V. 28, P. 
1867.) (W) 


Liquips OF HIGH REFRACTIVE INDEX. B. W. Anderson and C. J. Payne. 

Nature, Jan. 13, 1934, P. 66-67. 

Among others tetra-iodo-ethylene, C,I,, dissolved in methylene iodide 
(22% at 15 degrees C.) and with sulphur forms a clear stable solution of 
index 1.81 (sodium D) which is said to be well adapted for routine use 
with the refractometer. (S) 


Microscopy: RECENT ADVANCES IN. Conrad Beck. Nature, Feb. 24, 

1934, P. 286. 

The author points out the increasing resolving power of the micro- 
scope during the last few years and the increasing use of dark ground il- 
lumination at the highest powers. He points out the growing interest in 
differential staining under these conditions of illumination. He states, 
for example, that anthrax bacillus stained with methylene blue appears 
blood-red by dark ground and the possibilities of development of stains 
for the differentiating structure under these conditions should be of in- 
terest. (S) 


PHOTOELECTRIC CELL IN THE TEXTILE INDUSTRY. Sci. Supplement, Jan. 
12, 1934, P. 7. 
A very brief account of the possibilities of the use of this device for 
the accurate registration of material such as fabrie for cutting operations 
or for the application of labels, ete. (S) 


Sarety Razor BLADES: ON THE SHARPNESS TESTING OF. T. S. Fuller. 
Rev. Sci. Inst., 1934, V. 5, No. 2. 


An interesting application of a rayon yarn as the standard fibre for 
the determination of the sharpness of razor blades in a special machine. 
The rayon yarn (15 filament—55 denier—5 twists per inch) was selected 
because it gave satisfactory readings and showed the minimum tendency 
to dull the blade under test. (S) 


TINCTORIAL DETERMINATION OF ARTIFICIAL FIBRES AND THEIR MIXTURES 
witH Cotton. G. Tagliani. Bull. fédération intern. assoc. chim. tex- 
tile couleur, 1932, V. 1, P. 35. 

Methods are outlined for detg. viscose, cuprammonium rayon, cellulose 
acetate and sapond. cellulose acetate in cotton cloth by means of dye tests. 

(Copied complete from Chem. Abs., 1934, V. 28, P. 331.) (W) 
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WooL: DETERMINATION OF, IN WOOL-CONTAINING PAPERS BY CHEMICAL 

MEANS. W. Brecht and E. Helmer. Zellstoff u. Papier, 1933, V. 13, 

P. 331-5, 386-9; Chem. Abs., V. 23, P. 5590. 

The chem. methods of detg. wool in mixtures with vegetable fibres can 
be placed in three classes: (1) solution of the wool portion and gravi- 
metric detn. of the vegetable fibres by hydrolytic cleavage of the wool 
with agents that have but little effect on vegetable fibres, such as dil. 
solns. of alkali hydroxides or sulfides, and others; (2) soln. of the vege- 
table fibres and gravimetric detn. of the wool by esterification of the cellu- 
lose with H,SO,, HOAc, HNO, or other acids, or by forming complex 
cellulose compounds with cuprammonium, thiocyanates, alkali chlorides, 
ete.; and (3) detns. of characterizing elements or groups such as S, N, 
COOH groups from the amino acids obtained by hydrolytic decompn., ete. 
Method (1) is best suited for the detn. of wool in wool or felt papers 
when speed is required and when an error of about 3% abs. may be al- 
lowed. The use of alkali sulfides instead of hydroxides results in more 
accurate detns., because of the lower soly. of the vegetable fibres in the 
sulfides than in the hydroxides. Method (2) is suitable for more accu- 
rate detns. The detn. of N by the Kjeldahl method (3) may be used for 
detg. the wool contents of papers contg. large amounts of vegetable fibres, 
provided the latter were not sized with animal sizes. In methods (1) and 
(2) corrections must be made for the soly. of the wool and vegetable 
fibres in the resp, reagents, while no corrections are necessary when method 
(3) is used. A no. of tables of numerical data comparing the different 
methods are given. (Copied complete from Chem. Abs., 1933, V. 27, P. 
4923.) (W) 


WooL: RESEARCH NoTES ON. J. S. Brown. Tex. Col., 1933, V. 55, P. 
587-9. 
The first of a series of articles reviewing researches on wool. S in 
wool and the production of unshrinkable woolen goods are discussed. 
(Copied complete from Chem. Abs., 1933, V. 27, P. 5192.) (W) 


Book Review 


PHYTOPATHOLOGICAL AND BOTANICAL RESEARCH METHODS. By Prof. T. E. 

Rawlins, John Wiley and Sons, Inc., 156 pp. 

The increasing interest in micro-chemical methods in the field of plant 
pathology results in the summation of considerable experimental work. 
Much improved technique is covered and certain new methods are pre- 
sented. Workers in fields related to fibre and plant structure should find 
much useful information. Several hundred references form an important 
section of the book. (S) 








